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REMARKS 

Claims 53, 58-72, 74, and 77-97 are pending in the application. No amendments 
to the claim are presented in this paper. 

The previous rejections were withdrawn and a new ground of rejection presented, 
which is addressed below. 

Claims 53, 58-72, 74, and 77-97 were rejected as allegedly not enabled. The 
Examiner contends that insufficient guidance is provided in the specification such that one of 
skill in the art could predict immunogenic fragments of SEQ ID NO: 2 that would produce an 
anti-tumor immune response in a human patient. In particular, the Examiner argues that it is 
unpredictable that administration of immunogenic fragments of SEQ ID NO:2 would elicit a 
cellular immune response when administered to a subject that has a cancer that overexpresses 
PSCA. Applicants respectfully traverse. 

As the Examiner knows, it is not the amount of experimentation or the complexity 
of the experimentation that determines enablement, but whether one of skill in the art could 
practice the invention without undue experimentation (see, e.g., In re Wands, 8 USPQ2d 1400 
(Fed. Circ 1988)). As described in Wands, "a considerable amount of experimentation is 
permissible, if it is merely routine, or if the specification in question provides a reasonable 
amount of guidance with respect to the direction in which the experimentation should precede" 
(see, Wands, 8 USPQ2d at 1404, quoting In re Jackson, 217 USPQ 804 (Bd. Pat. App. & Int. 
1982). Here, the experimentation required for practicing the invention may be time-consuming; 
but it is nonetheless routine. As explained below, the guidance in the specification coupled with 
the level of skill and knowledge in the art, permit a practitioner to identify and administer PSCA. 
or PSCA fragments, that induce a cellular immune response with a reasonable expectation of 
success. 

Applicants provide direction in the specification for practicing the claimed invention 

The specification discloses how to make and use the invention to a practitioner in 
the art. First, the specification teaches the population to which the claimed PSCA protein, or 
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immunogenic fragment, is administered. For example, page 19, lines 7-10 of the application as 
filed discloses that PSCA is overexpressed by both androgen-dependent and androgen-independent 
prostate cancer cells (FIG. 9-11), prostate cancer metastases to bone (FIG. 20-24 and 26-32), 
bladder carcinomas (FIG. 6, 25 and 62), and pancreatic carcinomas (FIGS. 63 and 64). Further, 
page 51, lines 19-23 teaches that PSCA is a target for cancer immunotherapy, as it is expressed 
or overexpressed in a number of cancers. 

Second, Applicants refer the practitioner to methodology known in the art as of 
the priority date of the application for additional guidance in identifying suitable polypeptides for 
administration. Page 60, lines 27-29, e.g., cites references that explain how CTL epitopes that 
optimally bind to specified HLA alleles can be identified. 

Third, Applicants have provided further direction for administering such protein 
or protein fragments. For example, passages at pages 60 -61 provide exemplary in vivo and ex 
vivo embodiments for administration of PSCA, or fragments thereof, to elicit T-cell-mediated 
immune responses. Accordingly, the specification provides a substantial amount of guidance to 
the practitioner. 

The level of expertise and general knowledge in this art is advanced. 

Applicants further note that this is an advanced field. The prior art teaches 
methods of identifying fragments that elicit cellular immune responses, both in vitro and in vivo. 
These techniques were well known as of the priority date of the invention. For example, WO 
94/03205 and WO 94/020127, Appendices A and B, respectively, teach methods of identifying 
CTL epitopes that bind to HLA A2. 1 , HLA Al , HLA A3 .2, HLA Al 1 , and HLA A24. 1 . These 
publications provide descriptions of how to evaluate an amino acid sequence for the presence of 
a CTL epitope motif, how to evaluate HLA binding activity of peptides comprising the epitope, 
and how to determine immunogenicity, both in vitro and in vivo. 

Moreover, the invention claimed in US Patent No. 6,037,135, which contains the 
teachings of WO94/03205, is directed to methods of making immunogenic peptides that 
comprise T cell epitopes (in this case, those that bind to HLA Al, HLA A3.2, HLA All, and 
HLA 24.1) that induce cytotoxic T cell responses. For example, claims 1,18, 35, and 52 set 
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forth steps for making immunogenic peptides that comprise motifs taught by the patentees, 
including steps for evaluating immunogenicity. Step (d) of these claims defines testing 
complexes for the ability to be recognized by cytotoxic T cell and to thereby induce a cytotoxic 
T cell response to the epitope. Dependent claims 13, 30, 47, and 64 set forth that this step can be 
determined in vivo. This issued U.S. Patent is presumed to be enabling. Accordingly, it provides 
compelling evidence that the amount of experimentation required for one of skill in the art to 
identify immunogenic epitopes to induce a cellular immune response in vivo for practicing the 
instant invention is not undue. 

Immunogenic PSCA peptides have been identified 

To further demonstrate that the claims are enabled, Applicants provide additional 
evidence that PSCA peptides that elicit an immunogenic response in humans can be identified. 
For example, Kiessling et al. 9 (Int. J. Cancer, 102:390-397, 2002, attached in Appendix C) 
defined immunogenic peptides of PSCA that are recognized by circulating CD8 + T cell from 
prostate cancer patient (see, the abstract, lines 8 and 9). The authors screened the PSCA 
sequence and identified potential epitopes based on HLA-A2.1 motifs. Corresponding peptides 
were analyzed for binding to HLA-A2.1 . Peptides that bound with high and intermediate affinity 
were used to evaluate T cell reactivity in prostate cancer patients (page 392, column 2). 
Circulating CD8 + T cells reactive against two peptides in prostate cancer were identified. These 
peptides efficiently activated CD8 + effector T cells that were capable of destroying prostate 
cancer cells (page 390, last paragraph of column 2). The authors' conclusion is that their results 
emphasize the suitability of PSCA as a target molecule for prostate cancer immunotherapy (last 
paragraph, page 396). 

Last, the Examiner argues that it would be unpredictable whether SEQ ID NO: 2 
or any immunogenic fragments of SEQ ID NO: 2 would produce an anti-tumor immune response 
in a human patient. Applicants disagree. Cancer vaccines that elicit cellular immune responses 
to prostate cancer polypeptides are known in the art. For example, Eder et aL 9 (Clin. Cancer 
Res. 6:1632-1638, 2000, attached as Appendix D), teach a vaccinia virus vaccine that encodes 
prostate-specific antigen. The phase I trial showed a T cell-response to a 9-mer peptide derived 
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from PSA (see, e.g., the last line of the abstract). Tjoa et al. (CA Cancer J. ClinA9:\ 17-128, 
1999) attached as Appendix E) report that infusions of autologous dendritic cells loaded with two 
HLA-A2-specific prostate-specific membrane antigen peptides. This vaccine elicited cellular 
immune responses in patients (e.g., the second full paragraph of page 120). Small et al. (J. Clin. 
Oncology 18:3894-3903, 2000, attached as appendix F) report that dendritic cells loaded with a 
prostatic acid phosphatase (PAP)-granulocyte-macrophage colony-stimulating factor fusion 
protein stimulated immune responses to PAP in patients, (e.g., the "Results" section of the 
abstract). Further, cancer vaccines targeting different cancers, such as melanoma, have also 
elicited T-cell responses in patients (see, e.g., Smith et al, J. Clin. Oncology 21:1562-1273, 
2003, Appendix G, which reports that patients receiving a synthetic HLA-A2 peptide to a 
melanoma antigen, gplOO mounted T-cell responses (abstract)). Thus, induction of cellular 
immune responses can in fact be achieved in cancer patients, including prostate cancer patients, 
by administering a polypeptide, or fragment such as a peptide that binds an HLA allele. 

The Examiner is reminded that Applicants need not demonstrate clinical efficacy 
of a claimed invention ("it is improper for Office personnel to request evidence of safety in the 
treatment of humans or regarding the degree of effectiveness." MPEP § 2107.03.V). Applicants 
have taught, in view of the knowledge in the art, how to make and use immunogenic peptides as 
set forth in the claims. The art provides no rationale as to why PSCA polypeptide and/or 
polypeptides fragments would not be expected to also be immunogenic in a cancer patient that 
overexpresses PSCA. Indeed, the art supports the conclusion that the practitioner would be able 
to identify and administer polypeptides that elicit cellular immune response in vivo (explained 
above; see, also, e.g., Kiessling et al, supra, page 390, the last paragraph of the first column 
bridging to the second column first full paragraph, which describes the advantages of PSCA for 
immunotherapy). 

In summary, Applicants have provided direction in the specification and provided 
evidence that one of skill can, in fact, follow the guidance provided by the specification and 
using established techniques, reasonably expect to identify and administer PSCA/fragments to 
cancer patients and successfully elicit an immune response. Accordingly, Applicants have taught 
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how to make and use the invention to the extent required by the enablement standards. 
Applicants therefore respectfully request withdrawal of the invention. 

CONCLUSION 

In view of the foregoing, Applicants believe all claims now pending in this 
Application are in condition for allowance. The issuance of a formal Notice of Allowance at an 
early date is respectfully requested. 

If the Examiner believes a telephone conference would expedite prosecution of 
this application, please telephone the undersigned at 415-576-0200. 




Two Embarcadero Center, Eighth Floor 
San Francisco, California 941 1 1-3834 
Tel: 415-576-0200 
Fax:415-576-0300 
JML:jml 

60298650 v1 



Page 11 of 11 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International, Patent Classification 5 : 
A61K 37/02, C07K 7/06 



Al 



(11) International Publication Number: WO 94/20127 

(43) International Publication Date: 15 September 1994 (15.09.94) 



(21) International Application Number: PCI7US94/02353 

(22) International Filing Date: 4 March 1994 (04.03.94) 



(30) Priority Data: 

08/027,146 
08/073,205 
08/159,184 



5 March 1993 (05.03.93) US 
4 June 1993 (04.06.93) US 
29 November 1993 (29.1 1.93) US 



(71) Applicant:. CYTEL CORPORATION [US/US]; 3525 John 

Hopkins Court, San Diego, CA 92121 (US). 

(72) Inventors: GREY, Howard, M.; 9066 La Jolla Shores Lane, 

La Jolla, CA 92037 (US). SETTE, Alessandro; 5551 Linda 
Rosa Avenue, La Jolla, CA 92037 (US). SIDNEY, John; 
8541 D Villa La Jolla Drive, La Jolla, CA 92037 (US). 
KAST, W., Martin; Maria Rutgexsweg 106, NI^2331 NX 
Leiden (NL). 

(74) Agents: BASTIAN, Kevin, L. et ai; Townsend and Town send 
Khourie and Crew, Steuart Street Tower, 20th floor, One 
Market Plaza, San Francisco, CA 94105 (US). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH, CN, 
CZ, DE, DK, ES, H, GB, HU, JP, KP, KR, KZ, LK, LU, 
LV, MG, MN, MW, NL, NO, NZ, PL, PT, RO, RU, SD f 
SE t St SK, UA, UZ, VN, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IE, ET, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: HLA-A2.1 BINDING PEPTIDES AND THEIR USES 
(57) Abstract 

The present invention provides the means and methods for selecting immunogenic peptides and the immunogenic peptide compositions 
capable of specifically binding glycoproteins encoded by HLA-A2.1 allele and inducing T cell activation in T cells restricted by the A2.1 
allele. The peptides are useful to elicit an immune response against a desired antigen. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Paso 


HTJ 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


rr 


Italy 


PL 


Poland 


BR 


Brazil 


jp 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People* b Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


a 


Cote d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Uecbtenstein 


SN 


Senegal 


CN 


China 


IK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


fi 


Roland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 94/20127 FCT/US94/02353 



HLA-A2.1 BINDING PEPTIDES AND THEIR USES ' 

The present application is a continuation in part of 
USSN 08/159,184, which is a continuation in part of USSN 
08/073,205, which is a continuation in part of USSN 
08/027,146, all of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to compositions and 
methods for preventing, treating or diagnosing a number of 
pathological states such as viral diseases and cancers. In 
particular, it provides novel peptides capable of binding 
selected major histocompatibility complex (MHC) molecules and 
inducing an immune response. 

MHC molecules are classified as either Class I or 
Class II molecules. Class II MHC molecules are expressed 
primarily on cells involved in initiating and sustaining 
immune responses, such as T lymphocytes, B lymphocytes, 
macrophages, etc. Class II MHC molecules are recognized by 
helper T lymphocytes and induce proliferation of helper T 
lymphocytes and amplification of the immune response to the 
particular immunogenic peptide that is displayed. Class I MHC 
molecules are expressed on almost all nucleated cells and are 
recognized by cytotoxic T lymphocytes (CTLs) , which then 
destroy the antigen -bearing cells.- CTLs are particularly 
important in tumor rejection and in fighting viral infections. 

The CTL recognizes the antigen in the form of a 
peptide fragment bound to the MHC class I molecules rather 
than the intact foreign antigen itself. The antigen must 
normally be endogenously synthesized by the cell, and a 
portion of the protein antigen is degraded into small peptide 
fragments in the cytoplasm. Some of these small peptides 
translocate into a pre-Golgi compartment and interact with 
class I heavy chains to facilitate proper folding and 
association with the subunit 02 microglobulin. The 
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peptide-MHC class I complex is then routed to the cell surface 
for expression and potential recognition by specific CTLs. 

Investigations of the crystal structure of the human 
MHC class I molecule, HLA-A2.1, indicate that a peptide 
5 binding groove is created by the folding of the al and a2 
domains of the class I heavy chain (Bjorkman et al.,- Nature 
329:506 ( 1987). In these investigations, however, the 
identity of peptides bound to the groove was not determined. 

Buus et al., Science 242:1065 (1988) first described 

10 a method for acid elution of bound peptides from MHC. 

Subsequently, Raramensee and his coworkers (Falk et al., Nature 
351:290 (1991) have developed an approach to characterize 
naturally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 

15 acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 
eluted from class I molecules of the B type (Jardetzky, et 
al., Nature 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al., Science 225:1261 (1992). A review 

20 of the characterization of naturally processed peptides in MHC 
Class I has been presented by Rotzschke and Falk (Rotzschke 
and Falk, Immunol. Today 12:447 (1991). 

Sette et al., Proc . Natl . Acad . Sci . USA 86:3296 
(1989) showed that MHC allele specific motifs could be used to 

25 predict MHC binding capacity. Schaeffer et al., Proc. Natl. 
Acad. Sci. USA 86:4649 (1989) showed that MHC binding was 
related to immunogenicity . Several authors (De Bruijn et al., 
Eur . J . Immunol . . 21:2963-2970 (1991); Pamer et al., 991 
Nature 353:852-955 (1991)) have provided preliminary evidence 

30 that class I binding motifs can be applied to the 

identification of potential immunogenic peptides in animal 
models. Class I motifs specific for a number of human alleles 
of a given class I isotype have yet to be described. It is 
desirable that the combined frequencies of these different 

35 alleles should be high enough to cover a large fraction or 
perhaps the majority of the human outbred population. 

Despite the developments in the art, the prior art 
has yet to provide a useful human peptide-based vaccine or 
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therapeutic agent based on this work. The present invention 
provides these and other advantages. 

SUMMARY OF THE INVENTION 
5 The present invention provides compositions 

comprising immunogenic peptides having binding motifs for HLA- 
A2.1 molecules. The immunogenic peptides, which bind to the 
appropriate MHC allele, are preferably 9 to 10 residues in 
length and comprise conserved residues at certain positions 

10 such as positions 2 and 9. Moreover, the peptides do not 

comprise negative binding residues as defined herein at other 
positions such as positions 1, 3, 6 and/or 7 in the case of 
peptides 9 amino acids in length and positions 1, 3, 4, 5, 7, 
8 and/or 9 in the case of peptides 10 amino acids in length. 

15 The present invention defines positions within a motif 

enabling the selection of peptides which will bind efficiently 
to HLA A2.1. 

Epitopes on a number of immunogenic target proteins 
can be identified using the peptides of the invention. 

20 Examples of suitable antigens include prostate cancer specific 
antigen (PSA) , hepatitis B core and surface antigens (HBVc, 
HBVs) hepatitis C antigens, Epstein-Barr virus antigens, human 
immunodeficiency type-1 virus (HIV1) and papilloma virus 
antigens. The peptides are thus useful in pharmaceutical 

25 compositions for both in vivo and ex vivo therapeutic and 
diagnostic applications. 

Definitions 

The term "peptide" is used interchangeably with 
30 "oligopeptide" in the present specification to designate a 

series of residues, typically L- amino acids, connected one to 
the other typically by peptide bonds between the alpha- amino 
and carbonyl groups of adjacent amino acids. The 
oligopeptides of the invention are less than about 15 residues 
35 in length and usually consist of between about 8 and about 11 
residues, preferably 9 or 10 residues. 

An "immunogenic peptide" is a peptide which 
comprises an allele- specif ic motif such that the peptide will 
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bind an MHC molecule and induce a CTL response. Immunogenic 
peptides of the invention are capable of binding to an 
appropriate HLA-A2.1 molecule and inducing a cytotoxic T cell 
response against the antigen from which the immunogenic 
peptide is derived . 

Immunogenic peptides are conveniently identified 
using the algorithms of the invention. The algorithms are 
mathematical procedures that produce a score which enables the 
selection of immunogenic peptides. Typically one uses the 
algorithmic score with a "binding threshold" to enable 
selection of peptides that have a high probability of binding 
at a certain affinity and will in turn be immunogenic. The 
algorithm is based upon either the effects on MHC binding of a 
particular amino acid at a particular position of a peptide or 
the effects on binding of a particular substitution in a motif 
containing peptide. 

A "conserved residue" is an amino acid which occurs 
in a significantly higher frequency than would be expected by 
random distribution at a particular position in a peptide. 
Typically a conserved residue is one where the MHC structure 
may provide a contact point with the immunogenic peptide. One 
to three, preferably two, conserved residues within a peptide 
of defined length defines a motif for an immunogenic peptide. 
These residues are typically in close contact with the peptide 
binding groove, with their side chains buried in specific 
pockets of the groove itself. Typically, an immunogenic 
peptide will comprise up to three conserved residues, more 
usually two conserved residues. 

As used herein, "negative binding residues" are 
amino acids which if present at certain positions (for 
example, positions 1, 3 and/or 7 of a 9-mer) will result in a 
peptide being a nonbinder or poor binder and in turn fail to 
be immunogenic i.e. induce a CTL response. 

The term "motif" refers to the pattern of residues 
in a peptide of defined length, usually about 8 to about 11 
amino acids, which is recognized by a particular MHC allele. 
The peptide motifs are typically different for each human MHC 
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allele and differ in the pattern of the highly conserved 
residues and negative residues. 

The binding motif for an allele can be defined with 
increasing degrees of precision. In one case, all of the 
5 conserved residues are present in the correct positions in a 
peptide and there are no negative residues in positions 1,3 
and/or 7. 

The phrases "isolated" or "biologically pure" refer 
to material which is substantially or essentially free from 

10 components which normally accompany it as found in its native 
state. Thus, the peptides of this invention do not contain 
materials normally associated with their in situ environment, 
e.g., MHC I molecules on antigen presenting cells. Even where 
a protein has been isolated to a homogenous or dominant band, 

15 there are trace contaminants in the range of 5-10% of native 
protein which co-purify with the desired protein. Isolated 
peptides of this invention do not contain such endogenous co- 
purified protein. 

The term "residue" refers to an amino acid or amino 

20 acid mimetic incorporated in an oligopeptide by an amide bond 
or amide bond mimetic. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a flow diagram of an HLA-A purification 

25 scheme. 

Fig. 2 shows a scattergram of the log of relative 
binding plotted against the "Grouped Ratio" algorithm for 9 
mer peptides. 

Fig. 3 shows a scattergram of the log of relative 
30 binding plotted against the average "Log of Binding" algorithm 
score for 9 mer peptides. 

Figs. 4 and 5 show scattergrams of a set of 10 -mer 
^ peptides containing preferred residues in positions 2 and 10 

as scored by the "Grouped Ratio" and "Log of Binding" 
35 algorithms. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
: The present invention relates to the determination 
of allele- specif ic peptide motifs for human Class I MHC 
(sometimes referred to as HLA) allele subtypes, in particular, 
5 peptide motifs recognized by HLA-A2.1 alleles. These motifs 
are then used to define T cell epitopes from any desired 
antigen, particularly those associated with human viral 
diseases, cancers or autoiummune diseases, for which the amino 
acid sequence of the potential antigen or autoantigen targets 
10 is known. 

Epitopes on a number of potential target, proteins 
o can be identified in this manner. Examples of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B « 
core and surface antigens (HBVc, HBVs) hepatitis C antigens, 

15 Epstein-Barr virus antigens, melanoma antigens (e.g., MAGE-1) , 
human immunodeficiency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. 

The peptides of the invention may also be employed 
to relieve the symptoms of, treat or prevent the occurrence or 

20 reoccurrence of autoimuune diseases. Such diseases include, 
for example, multiple sclerosis (MS), rheumatoid arthritis 
(RA) , Sjogren syndrome, scleroderma, polymyositis, 
dermatomyositis, systemic lupus erythematosus, juvenile 
rheumatoid arthritis, ankylosing spondylitis, myasthenia 

25 gravis (MG) , bullous pemphigoid (antibodies to basement 

membrane at dermal -epidermal junction), pemphigus (antibodies 
to mucopolysaccharide protein complex or intracellular cement 
substance) , glomerulonephritis (antibodies to glomerular 
basement membrane), Goodpasture's syndrome, autoimmune 

30 hemolytic anemia (antibodies to erythrocytes), Hashimoto's 

disease (antibodies to thyroid) , pernicious anemia (antibodies 
to intrinsic factor) , idiopathic thrombocytopenic purpura 
(antibodies to platelets), Grave's disease, and Addison's 
disease (antibodies to thyroglobulin) , and the like. 

35 The autoantigens associated with a number of these 

diseases have been identified. For example, in experimentally 
induced autoimmune diseases, antigens involved in pathogenesis 
have been characterized: in arthritis in rat and mouse, 
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native type -II collagen is identified in collagen- induced 
arthritis, and mycobacterial heat shock protein in adjuvant 
arthritis; thyroglobulin has been identified in experimental 
allergic thyroiditis (EAT) in mouse; acetyl choline receptor 
5 (AChR) in experimental allergic myasthenia gravis (EAMG) ; and 
myelin basic protein (MBP) and proteolipid protein (PLP) in 
experimental allergic encephalomyelitis (EAE) in mouse and 
rat. In addition, target antigens have been identified in 
humans: type -II collagen in human rheumatoid arthritis; and 

10 acetyl choline receptor in myasthenia gravis* 

Peptides comprising the epitopes from these antigens 
are synthesized and then tested for their ability to bind to 
the appropriate MHC molecules in assays using, for example, 
purified class I molecules and radioiodonated peptides and/or 

15 cells expressing empty class I molecules by, for instance, 

immuriof luorescent staining and flow microfluorometry, peptide - 
dependent class I assembly assays, and inhibition of CTL 
recognition by peptide competition. Those peptides that bind 
to the class I molecule are further evaluated for their 

20 ability to serve as targets for CTLs derived from infected or 
immunized individuals, as well as for their capacity to induce 
primary in vitro or in vivo CTL responses that can give rise 
to CTL populations capable of reacting with virally infected 
target cells or tumor cells as potential therapeutic agents. 

25 The MHC class I antigens are encoded by the HLA-A, 

B, and C loci. HLA-A and B antigens are expressed at the cell 
surface at approximately equal densities, whereas the 
expression of HLA-C is significantly lower (perhaps as much as 
10 -fold lower) . Each of these loci have a number of alleles. 

30 The peptide binding motifs of the invention are relatively 
specific for each allelic subtype. 

For peptide-based vaccines, the peptides of the - 
present invention preferably comprise a motif recognized by an 
MHC I molecule having a wide distribution in the human 

35 population. Since the MHC alleles occur at different 

frequencies within different ethnic groups and races, the 
choice of target MHC allele may depend upon the target 
population- Table 1 shows the frequency of various alleles at 
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the HLA-A locus products among different races. For instance, 
the majority of the Caucasoid population can be covered by 
peptides which bind to four HLA-A allele subtypes, 
specifically HLA-A2.1, Al, A3. 2, and A24.1. Similarly, the 
majority of the Asian population is encompassed with the 
addition of peptides binding to a fifth allele HLA-A11.2. 
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these mAbs using standard techniques are successfully used to 
purify the respective HLA-A allele products. 

In addition to allele-specif ic mAbs, broadly 
reactive anti-HLA-A, B, C mAbs, such as W6/32 and B9.12.1, and 
5 one anti-HLA-B, C mAb, Bl.23.2, could be used in alternative 
affinity purification protocols as described in the example 
section below. 

The peptides bound to the peptide binding groove of 
the isolated MHC molecules are eluted typically using acid 

10 treatment. Peptides can also be dissociated from class I 

molecules by a variety of standard denaturing means, such as 
heat, pH, detergents, salts, chaotropic agents, or a 
combination thereof. 

Peptide fractions are further separated from the MHC 

15 molecules by reversed -phase high performance liquid 

chromatography (HPLC) and sequenced. Peptides can be 
separated by a variety of other standard means well known to 
the artisan, including filtration, ultrafiltration, 
electrophoresis, size chromatography, precipitation with 

20 specific antibodies, ion exchange chromatography, 
isoelectrof ocusing, and the like. 

Sequencing of the isolated peptides can be performed 
according to standard techniques such as Edman degradation 
(Hunkapiller, M.W., et al. . Methods Enzymol. 91. 399 [1983]). 

25 Other methods suitable for sequencing include mass 

spectrometry sequencing of individual peptides as previously 
described (Hunt, et al., Science 225:1261 (1992), which is 
incorporated herein by reference) . Amino acid sequencing of 
bulk heterogenous peptides ( e.g. , pooled HPLC fractions) from 

30 different class I molecules typically reveals a characteristic 
sequence motif for each class I allele . 

Definition of motifs specific for different class I 
alleles allows the identification of potential peptide 
epitopes from an antigenic protein whose amino acid sequence 

35 is known. Typically, identification of potential peptide 

epitopes is initially carried out using a computer to scan the 
amino acid sequence of a desired antigen for the presence of 
motifs. The epitopic sequences are then synthesized. The 
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capacity to bind MHC Class molecules is measured in a variety 
of different ways. One means is a Class I molecule binding 
assay as described in Example 4, below. Other alternatives 
described in the literature include inhibition of antigen 
5 presentation (Sette, et al., J. Immunol. 141:3893 (1991), in 
vitro assembly assays (Townsend, et al., Cell 62:285 (1990), 
and FACS based assays using mutated ells, such as RMA.S 
(Melief, et al., Eur. J. Immunol . 21:2963 (1991)). 

Next, peptides that test positive in the MHC class I 

10 binding assay are assayed for the ability of the peptides to 
induce specific CTL responses in vitro . For instance, 
Antigen -presenting cells that have been incubated with a 
peptide can be assayed for the ability to induce CTL responses 
in responder cell populations. Antigen-presenting cells can 

15 be normal cells such as peripheral blood mononuclear cells or 
dendritic cells (Inaba, et al., J. Exp. Med. 166:182 (1987); 
Boog, Eur. J. Immunol . 18:219 [1988]). 

Alternatively, mutant mammalian cell lines that are 
deficient in their ability to load class I molecules with 

20 internally processed peptides, such as the mouse cell lines 
RMA-S (Karre, et al.. Nature . 319:675 (1986); Ljunggren, et 
al., Eur. J. Immunol . 21:2963-2970 (1991)), and the human 
somatic T cell hybrid, T-2 (Cerundolo, et al., Nature 345:449- 
452 (1990)) and which have been transfected with the 

25 appropriate human class I genes are conveniently used, when 
peptide is added to them> to test for the capacity of the 
peptide to induce in vitro primary CTL responses. Other 
eukaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 

30 125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851), 
armyworm (ATCC CRL 1711) , moth (ATCC CCL 80) and Drosophila 
cell lines such as a Schneider cell line (see Schneider J. 
Embryol. Exp. Mornhol , 27:353-365 [1927])* 

Peripheral blood lymphocytes are conveniently 

35 isolated following simple venipuncture or leukapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors. In one embodiment, the appropriate 
antigen -presenting cells are incubated with 10-100 fM of 
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these mAbs using standard techniques are successfully used to 
purify the respective HLA-A allele products. 

In addition to allele-specif ic mAbs, broadly 
reactive anti- HLA-A, B, C mAbs, such as W6/32 and B9.12.1, and 
5 one anti-HLA-B, C mAb, Bl.23.2, could be used in alternative 
affinity purification protocols as described in the example 
section below. 

The peptides bound to the peptide binding groove of 
the isolated MHC molecules are eluted typically using acid 

10 treatment. Peptides can also be dissociated from class I 

molecules by a variety of standard denaturing means, such as 
heat, pH, detergents, salts, chaotropic agents, or a 
combination thereof. 

Peptide fractions are further separated from the MHC 

15 molecules by reversed-phase high performance liquid 

chromatography (HPLC) and sequenced. Peptides can be 
separated by a variety of other standard means well known to 
the artisan, including filtration, ultrafiltration, 
electrophoresis, size chromatography, precipitation with 

20 specific antibodies, ion exchange chromatography, 
isoelectrof ocusing, and the like. 

Sequencing q>f the isolated peptides can be performed 
according to standard techniques such as Edman degradation 
(Hunkapiller, M.W., et al . . Methods Enzymol. 91 . 399 [1983]). 

25 Other methods suitable for sequencing include mass 

spectrometry sequencing of individual peptides as previously 
described (Hunt, et al., Science 225:1261 (1992), which is 
incorporated herein by reference) . Amino acid sequencing of 
bulk heterogenous peptides ( e.g. . pooled HPLC fractions) from 

30 different class I molecules typically reveals a characteristic 
sequence motif for each class I allele. 

Definition of motifs specific for different class I 
alleles allows the identification of potential peptide 
epitopes from an antigenic protein whose amino acid sequence 

35 is known. Typically, identification of potential peptide 

epitopes is initially carried out using a computer to scan the 
amino acid sequence of a desired antigen for the presence of 
motifs. The epitopic sequences are then synthesized. The 
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capacity to bind MHC Class molecules is measured in a variety 
of different ways. One means is a Class I molecule binding 
assay as described in Example 4, below. Other alternatives 
described in the literature include inhibition of antigen 
5 presentation (Sette, et al. f J . Immunol . 141:3893 (1991), in 
vitro assembly assays (Townsend, et al., Cell 62:285 (1990), 
and FACS based assays using mutated ells, such as RMA.S 
(Melief, et al., Eur, J. Immunol . 21:2963 (1991)). 

Next, peptides that test positive in the MHC class I 

10 binding assay are assayed for the ability of the peptides to 
induce specific CTL responses in vitro . For instance, 
Antigen-presenting cells that have been incubated with a 
peptide can be assayed for the ability to induce CTL responses 
in responder cell populations. Antigen -presenting cells can 

15 be normal cells such as peripheral blood mononuclear cells or 
dendritic cells (Inaba, et al., J . Exp . Med . 166:182 (1987); 
Boog, Eur . J . Immunol . 18:219 [1988]). 

Alternatively, mutant mammalian cell lines that are 
deficient in their ability to load class I molecules with 

20 internally processed peptides, such as the mouse cell lines 
RMA-S (Karre, et al.. Nature . 319:675 (1986); Ljunggren, et 
al., Eur. J. Immunol . 21:2963-2970 (1991)), and the human 
somatic T cell hybrid, T-2 (Cerundolo, et al., Nature 345:449- 
452 (1990)) and which have been transfected with the 

25 appropriate human class I genes are conveniently used, when 
peptide is added to them, to test for the capacity of the 
peptide to induce in vitro primary CTL responses. Other 
eukaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 

30 125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851), 
armyworm (ATCC CRL 1711), moth (ATCC CCL 80) and Drosophila 
cell lines such as a Schneider cell line (see Schneider J. 
Embrvol. Exp. Morohol. 27:353-365 [1927]). 

Peripheral blood lymphocytes are conveniently 

35 isolated following simple venipuncture or leukapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors. In one embodiment, the appropriate 
antigen- presenting cells are incubated with 10-100 fiM of 
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peptide in serum- free media for 4 hours under appropriate 
culture conditions. The peptide -loaded antigen- presenting 
cells are then incubated with the responder cell populations 
in vitro for 7 to 10 days under optimized culture conditions. 
5 Positive CTL activation can be determined by assaying the 
cultures for the presence of CTLs that kill radiolabeled 
target cells, both specific peptide -pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevant virus or tumor antigen from which the peptide 

10 sequence was derived. 

Specificity and MHC restriction of the CTL is 
determined by testing against different peptide target cells 
expressing appropriate or inappropriate human MHC class I. 
The peptides that test positive in the MHC binding assays and 

15 give rise to specific CTL responses are referred to herein as 
immunogenic peptides. 

The immunogenic peptides can be prepared 
synthetically, or by recombinant DNA technology or from 
natural sources such as whole viruses or tumors. Although the 

20 peptide will preferably be substantially free of other 

naturally occurring host cell proteins and fragments thereof, 
in some embodiments the peptides can be synthetically 
conjugated to native fragments or particles. 

The polypeptides or peptides can be a variety of 

25 lengths, either in their neutral (uncharged) forms or in forms 
which are salts, and either free of modifications such as 
glycosylation, side chain oxidation, or phosphorylation or 
containing these modifications, . subject, to the condition that 
the modification, not destroy the biological activity of the 

30 polypeptides as herein described. 

Desirably, the peptide will be as small as possible 
while still maintaining substantially all of the biological 
activity of the large peptide. When possible, it may be 
desirable to optimize peptides of the invention to a length of 

35 about 8 to about 10 amino acid residues, commensurate in size 
with endogenously processed viral peptides or tumor cell 
peptides that are bound to MHC class I molecules on the cell 
surface. 
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Peptides having- the desired activity may be modified 
as necessary to provide certain desired attributes, e.g., 
improved pharmacological characteristics, while increasing or 
at least retaining substantially all of the biological 
5 activity of the unmodified peptide to bind the desired MHC 
molecule and activate the appropriate T cell. For instance, 
the peptides may be subject to various changes, such as 
substitutions, either conservative or non- conservative, where 
such changes might provide for certain advantages in their 

10 use, such as improved MHC binding. By conservative 

substitutions is meant replacing an amino acid residue with 
another which is biologically and/or chemically similar, e.g., 
one hydrophobic residue for another, or one polar residue for 
another. The substitutions include combinations such as Gly, 

15 Ala; Val, lie, Leu, Met; Asp, Glu; Asn, Gin; Ser, Thr; Lys, 
Arg; and Phe, Tyr. The effect of single amino acid 
substitutions may also be probed using D-amino acids. Such 
modifications may be made using well known peptide synthesis 
procedures, as described in e.g., Merrifield, Science 232:341- 

20 347 (1986), Barany and Merrifield, The Peptides . Gross and 

Meienhofer, eds. (N.Y. , Academic Press), pp. 1-284 (1979); and 
Stewart and Young, Solid Phase Peptide Synthesis . (Rockford, 
111., Pierce), 2d Ed. (1984), incorporated by reference 
herein. 

25 The peptides can also be modified by extending, or 

decreasing the compound's amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 

30 that certain amino acid residues essential for biological 

activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non- critical amino acids 
need not be limited to those naturally occurring in proteins, 

35 such as L- a- amino .acids, or their D- isomers, but may include 

non- natural amino acids as well, such as jS -7- 6 -amino acids, as 
well as many derivatives of L-a-amino acids. 
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Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 
electrostatic charge, hydrophobicity , etc. on binding. For 
instance, a series of positively charged (e.g., Lys or Arg) or 
5 negatively charged (e.g., Glu) amino acid substitutions are 
made along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 
cell receptors. In addition, multiple substitutions using 
small, relatively neutral moieties such as Ala, Gly, Pro, or 

10 similar residues may be employed. The substitutions may be 
homo -oligomers or hetero- oligomers . The number and types of 
residues which are substituted or added depend on the spacing 
necessary between essential contact points and certain 
functional attributes which are sought (e.g., hydrophobicity 

15 versus hydrophilicity) . Increased binding affinity for an MHC 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to the affinity of the parent peptide. 
In any event, such substi tut ions should employ amino acid 
residues or other molecular fragments chosen to avoid, for 

20 example, steric and charge interference which might disrupt 
binding. 

Amino acid substitutions are typically of single 
residues. Substitutions, deletions, insertions or any 
combination thereof may be combined to arrive at a final 
25 peptide. Substitutional variants are those in which at least 
one residue of a peptide has been removed and a different 
residue inserted in its place. Such substitutions generally 
.are made in accordance with the following Table 2 when it is 
desired to finely modulate the characteristics of the peptide. 
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TABLE 2 

Original Residue Exemplary Substitution 



Aia 




OCL 


Arg 


Lys, 


His 


Asn 




Gin 


Asp 




Glu 


Cys 




Ser 


Gin 




Asn 


Glu 




Asp 


Gly 




Pro 


His 


Lys; 


Arg 


lie 


Leu; 


Val 


Leu 


He; 


Val 


Lys 


Arg; 


His 


Met 


Leu; 


lie 


Phe 


Tyr; 


Trp 


Ser 


Thr 


Thr 


Ser 


Trp 


Tyr; 


Phe 


Tyr 


Trp; 


Phe 


Val 


lie; 


Leu 
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Substantial changes in function (e.g., affinity for 
MHC molecules or T cell receptors) are made by selecting 
substitutions that are less conservative than those in Table 
2, i.e., selecting residues that differ more significantly in 
5 their effect on maintaining (a) the structure of the peptide 
backbone in the area of the substitution, for example as a 
sheet or helical conformation, (b) the charge or 
hydrophobieity of the molecule, at the target site or (c) the 
bulk of the side chain. The substitutions which in general 

10 are expected to produce the greatest changes in peptide 

properties will be those in which (a) hydrophilic residue, 
e.g. seryl, is substituted for (or by) a hydrophobic residue, 
e.g. leucyl, isoleucyl, phenylalanyl , valyl or alanyl; (b) a 
residue having an electropositive side chain, e.g., lysl, 

15 arginyl, or hist idyl, is substituted for (or by) an 

electronegative residue, e.g. glutamyl or aspartyl; or (c) a 
residue having a bulky side chain, e.g. phenylalanine, is 
substituted for (or by) one not having a side chain, e.g., 
glycine. 

20 The peptides may also comprise isosteres of two or 

more residues in the immunogenic peptide. An isostere as 
defined here is a sequence of two or more residues that can be 
substituted for a second sequence because the steric 
conformation of the first sequence fits a binding site 

25 specific for the second sequence. The term specifically 

includes peptide backbone modifications well known to those 
skilled in the art. Such modifications include modifications 
of the amide nitrogen, the a-carbon, amide carbonyl, complete 
replacement of the amide bond, extensions, deletions or 

30 backbone crosslinks. See , generally . Spatola, Chemistry and 
Biochemistry of Amino Acids, peptides and Proteins . Vol. VII 
(Weinstein ed. , 1983). 

Modifications of peptides with various amino acid 
mimetics or unnatural amino acids are particularly useful in 

35 increasing the stability of the peptide in vivo . Stability 

can be assayed in a number of ways. For instance, peptidases 
and various biological media, such as human plasma and serum, 
have been used to test stability. See , e.g, . Verhoef et al . , 
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Eur. J. Drug Me tab. Pharmacokin. 11:291-302 (1986) . Half 
life of the peptides of the present invention is conveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled human serum (Type AB, 
5 non-heat inactivated) is delipidated by centrifugation before 
use. The serum is then diluted to 25% with RPMI tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 

10 trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4°C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed- phase HPLC using 
stability- specif ic chromatography conditions. 

15 The peptides of the present invention or analogs 

thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 

20 contains at least one epitope that is capable of inducing a T 
helper cell response. 

In some embodiments, the T helper peptide is one that 
is recognized by T helper cells in the majority of the 
population. This can be accomplished by selecting amino acid 

25 sequences that bind to- many, most, or all of the MHC class II 
molecules. These are known as "loosely MHC- restricted" T 
helper sequences. Examples of amino acid sequences that are 
loosely MHC- restricted include sequences from antigens such as 
Tetanus toxin at positions 830-843 (QYIKANSKFIGITE) , 

30 Plasmodium falciparum CS protein at positions 378-398 

( D I EKKI AKMEKAS S VFNWNS ) , and Streptococcus 18kD protein at 
positions 1-16 ( YGAVDS ILGGVATYGAA) . 

Alternatively, it is possible to prepare synthetic 
peptides capable of stimulating T helper lymphocytes, in a 

35 .loosely MHC- restricted fashion, using amino acid sequences not 
found in nature. These synthetic compounds called 
Pan -DR- binding epitope (PADRE) are designed on the basis of 
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their binding activity to most, HLA-DR (human MHC class II) 
molecules (see, copending application USSN 08/121,101) . 

Particularly preferred immunogenic peptides/T helper 
conjugates are linked by a spacer molecule. The spacer is 
5 typically comprised of relatively small, neutral molecules, 
such as amino acids or amino acid mimetics, which are 
substantially uncharged under physiological conditions. The 
spacers are typically selected from, e.g., Ala, Gly, or other 
neutral spacers of nonpolar amino acids or neutral polar amino 

10 acids. It will be understood that the optionally present 

spacer need not comprise the same residues and thus may be a 
hetero- or homo- oligomer . When present, the spacer will 
usually be at least one or two residues, more usually three to 
six residues. Alternatively, the CTL peptide may be linked to 

15 the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 
peptide either directly or via a spacer either at the amino or 
carboxy terminus of the CTL peptide. The amino terminus of 
either the immunogenic peptide or the T helper .peptide may be 

20 . acylated. Exemplary T helper peptides include tetanus toxoid 
830-843, influenza 307-319, malaria circumsporozoite 382-398 
and 378-389. 

In some embodiments it may be desirable to include in 
the pharmaceutical compositions of the invention at least one 

25 component which primes CTL. Lipids have been identified as 

agents capable of priming CTL in vivo against viral antigens. 
For example, palmitic acid residues can be attached to the 
alpha and epsilon amino groups of a Lys residue and then 
linked, e.g., via one or more linking residues such as Gly, 

30 Gly-Gly-, Ser, Ser-Ser, or the like, to an immunogenic 

peptide. The lipidated peptide can then be injected directly 
in a micellar form, incorporated into a liposome or emulsified 
in an adjuvant, e.g., incomplete Freund's adjuvant. In a 
preferred embodiment a particularly effective immunogen 

35 comprises palmitic acid attached to alpha and epsilon amino 
groups of Lys, which is attached via linkage, e.g., Ser-Ser, 
to the amino terminus of the immunogenic peptide. 
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As another example of lipid priming of CTL responses, 
E. coli lipoproteins, such as 

tripalmitoyl-S -glyceryl cysteinlyseryl -serine (P 3 CSS) can be 
used to prime virus specific CTL when covalently attached to 
an appropriate peptide. See, Deres et al. f Nature 342:561-564 
(1989), incorporated herein by reference. Peptides of the 
invention can be coupled to P 3 CSS, for example, and the 
lipopeptide administered to an individual to specifically 
prime a CTL response to the target antigen. Further, as the 
induction of neutralizing antibodies can also be primed with 
P 3 CSS conjugated to a peptide which displays an appropriate 
epitope, the two compositions can be combined to more 
effectively elicit both humoral and cell -mediated responses to 
infection. 

In addition, additional amino acids can be added to 
the termini of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support, or 
larger peptide, for modifying the physical or chemical 
properties of the peptide or oligopeptide, or the like. Amino 
acids such as tyrosine, cysteine, lysine, glutamic or aspartic 
acid, or the like, can be introduced at the C- or N- terminus 
of the peptide or oligopeptide. Modification at the C 
terminus in some cases may alter binding characteristics of 
the peptide. In addition, the peptide or oligopeptide 
sequences can differ from the natural sequence by being 
modified by terminal-NH 2 acylation, e.g., by alkanoyl (C 1 -C 20 ) 
or thioglycolyl acetylation, terminal -carboxyl amidation, 
e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 
Stewart and Young, Solid Phase Peptide Synthesis . 2d. ed., 
Pierce Chemical Co. (1984), supra . 
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Alternatively, recombinant DNA technology may be 
employed wherein a nucleotide sequence which encodes an 
immunogenic peptide of interest is inserted into an expression 
vector, transformed or transfected into an appropriate host 
S cell and cultivated under conditions suitable for expression. 
These procedures are generally known in the art, as described 
generally in Sambrook et al., Molecular Cloning, A Laboratory 
Manual . Cold Spring Harbor Press, Cold Spring Harbor, New York 
(1982), which is incorporated herein by reference. Thus, 
10 fusion proteins which comprise one or more peptide sequences 

of the invention can be used to present the appropriate T cell 
epitope. 

As the coding, sequence for peptides of the length 
contemplated herein can be synthesized by chemical techniques, 

15 for example, the phosphotriester method of Matteucci et al., 
J. Am. Chem. Soc. 103:3185 (1981), modification can be made 
simply by substituting the appropriate base(s) for those 
encoding the native peptide sequence. The coding sequence can 
then be provided with appropriate linkers and ligated into 

20 expression vectors commonly available in the art, and the 
vectors used to transform suitable hosts to produce the 
desired fusion protein. A number of such vectors and suitable 
host systems are now available. For expression of the fusion 
proteins, the coding sequence will be provided with operably 

25 linked start and stop codons, promoter and terminator regions 
and usually a replication system to provide an expression 
vector for expression in the desired cellular host. For 
example, promoter sequences compatible with bacterial hosts 
are provided in plasmids containing convenient restriction 

30 sites for insertion of the desired coding sequence. The 

resulting expression vectors are transformed into suitable 
bacterial hosts. Of course, yeast or mammalian cell hosts may 
also be used, employing suitable vectors and control 
sequences . 

35 The peptides of the present invention and 

pharmaceutical and vaccine compositions thereof are useful for 
administration to mammals, particularly humans, to treat 
and/or prevent viral infection and cancer. Examples of 
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diseases which can be treated using the immunogenic peptides 
of the invention include prostate cancer, hepatitis B, 
hepatitis C,. AIDS, renal carcinoma, cervical carcinoma, 
lymphoma, CMV and condlyloma acuminatum. 
5 For pharmaceutical compositions, the immunogenic 

peptides of the invention are administered to an individual 
already suffering from cancer or infected with the virus of 
interest. Those in the incubation phase or the acute phase of 
infection can be treated with the immunogenic peptides 

10 separately or in conjunction with other treatments, as 

appropriate. In therapeutic applications, compositions are 
administered to a patient in an amount sufficient to elicit an 
effective CTL response to the virus or tumor antigen and to 
cure or at least partially arrest symptoms and/or 

15 complications. An amount adequate to accomplish this is 
defined as "therapeutically effective dose." Amounts 
effective for this use will depend on, e.g., the peptide 
composition, the manner of administration, the stage and 
severity of the disease being treated, the weight and general 

20 state of health of the patient, and the judgment of the 

prescribing physician, but generally range for the initial 
immunization (that is for therapeutic or prophylactic 
administration) from about 1.0 fig to about 5000 /xg of peptide 
for a 70 kg patient, followed by boosting dosages of from 

25 about l.o /*g to about 1000 fig of peptide pursuant to a 

boosting regimen over weeks to months depending upon the 
patient's response and condition by measuring specific CTL 
activity in the patient's blood. It must be kept in mind that 
the peptides and compositions of the present invention may 

30 generally be employed in serious disease states, that is, 

life -threatening or potentially life threatening situations. 
In such cases, in view of the minimization of extraneous 
substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 

35. physician to administer substantial excesses of these peptide 
compositions. 

For therapeutic use, administration should begin at 
the first sign of viral infection or the detection or surgical 
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removal of tumors or shortly after diagnosis in the case of 
acute infection. This is followed by boosting doses until at 
least symptoms are substantially abated and for a period 
thereafter. In chronic infection, loading doses followed by 
5 boosting doses may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
infection in acutely infected individuals. For those 
individuals susceptible (or predisposed) to developing chronic 

10 infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection. 
Where the susceptible individuals are identified prior to or 
during infection, for instance, as described herein, the 
composition can be targeted to them, minimizing need for 

15 administration to a larger population. 

The peptide compositions can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus -infected cells in carriers. It is 
important to provide an amount of immuno-potentiating peptide 

20 in a formulation and mode of administration sufficient to 

effectively stimulate a cytotoxic T cell response. Thus, for 
treatment of chronic infection, a representative dose is in 
the range of about 1.0 fig to about 5000 fig, preferably about 5 
fig to 1000 fig for a 70 kg patient per dose. Immunizing doses 

25 followed by boosting doses at established intervals, e.g., 
from one to four weeks, may be required, possibly for a 
prolonged period of time to effectively immunize an 
individual. In the case of chronic infection, administration 
should continue until at least clinical symptoms or laboratory 

30 tests indicate that the viral infection has been eliminated or 
substantially abated and for a period thereafter. 

The pharmaceutical compositions for therapeutic 
treatment are intended for parenteral, topical, oral or local 
administration. Preferably, the pharmaceutical compositions 

35 are administered parenterally, e.g., intravenously, 

subcutaneously, intradermally, or intramuscularly. Thus, the 
invention provides compositions for parenteral administration 
which comprise a solution of the immunogenic peptides 
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dissolved or suspended in an acceptable carrier, preferably an 
aqueous carrier. A variety of aqueous carriers may be used, 
e.g., water, buffered water, 0.8% saline, 0.3% glycine, 
hyaluronic acid and the like. These compositions may be 
5 sterilized by conventional, well known sterilization 

techniques, or may be sterile filtered. The resulting aqueous 
solutions may be packaged for use as is, or lyophilized, the 
lyophilized preparation being combined with a sterile solution 
prior to administration. The compositions may contain 

10 pharmaceutical ly acceptable auxiliary substances as required 
to approximate physiological conditions, such as pH adjusting 
and buffering agents, tonicity adjusting agents, wetting 
agents and the like, for example, sodium acetate, sodium 
lactate, sodium chloride, potassium chloride, calcium 

15 chloride, sorbitan monolaurate, triethanolamine oleate, etc. 

The concentration of CTL stimulatory peptides of the 
invention in the pharmaceutical formulations can vary widely, 
i.e., from less than about 0.1%, usually at or at least about 
2% to as much as 20% to 50% or more by weight, and will be 

20 selected primarily by fluid volumes, viscosities, etc., in 
accordance with the particular mode of administration 
selected. 

The peptides of the invention may also be administered 
via liposomes, which serve to target the peptides to a 

25 particular tissue, such as lymphoid tissue, or targeted 

selectively to infected cells, as well as increase the half- 
life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like. In 

30 these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e.g., a receptor prevalent among lymphoid 
cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 

35 compositions. Thus, liposomes either filled or decorated with 
a desired peptide of the invention can be directed to the site 
of lymphoid cells, where the liposomes then deliver the 
selected therapeutic/immunogenic peptide compositions. 
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Liposomes for use in the invention are formed from standard 
vesicle- forming lipids, which generally include neutral and 
negatively charged phospholipids and a sterol, such as 
cholesterol. The selection of lipids is generally guided by 
5 consideration of, e.g., liposome size, acid lability and 

stability of the liposomes in the blood stream. A variety of 
methods are available for preparing liposomes, as described 
in, e.g., Szoka et al., Ann. Rev. Biophvs. Bioeng . 9:467 
(1980), U.S. Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 

10 5,019,369, incorporated herein by reference. : 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface determinants of 
the desired immune system cells. A liposome suspension 

15 containing a peptide may be administered intravenously, 

locally, topically, etc. in a dose which varies according to, 
inter alia, the manner of administration, the peptide being 
delivered, and the stage of the disease being treated. 

For solid compositions, conventional nontoxic solid 

20 carriers may be used which include, for example, 

pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose, 
sucrose, magnesium carbonate, and the like. For oral 
administration, a pharmaceutically acceptable nontoxic 

25 composition is formed by incorporating any of the normally 

employed excipients, such as those carriers previously listed, 
and generally 10-95% of active ingredient, that is, one or 
more peptides of the invention, and more preferably at a 
concentration of 25% -75%. 

30 For aerosol administration, the immunogenic peptides 

are preferably supplied in finely divided form along with a 
surfactant and propellant. Typical percentages of peptides 
are 0.01% -20% by weight, preferably 1%-10%. The surfactant 
must, of course, be nontoxic, and preferably soluble in the 

35 propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon 
atoms, such as caproic, octanoic, lauric, palmitic, stearic, 
linoleic, linolenic, olesteric and. oleic acids with an 
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aliphatic polyhydric alcohol or its cyclic anhydride. Mixed 
esters, such as mixed or natural glycerides may be employed. 
The surfactant may constitute 0.1%-20% by weight of the 
composition, preferably 0.25-5%. The balance of the 
5 composition is ordinarily propellant. A carrier can also be 
included, as desired, as with, e.g., lecithin for intranasal 
delivery. 

In another aspect the present invention is directed to 
vaccines which contain as an active ingredient an 

10 immunogenically effective amount of an immunogenic peptide as 
described herein. The peptide (s) may be introduced into a 
host, including humans, linked to its own carrier or as a 
homopolymer or heteropolymer of active peptide units. Such a 
polymer has the advantage of increased immunological reaction 

15 and,, where different peptides are used to make up the polymer, 
the additional ability to induce antibodies and/or CTLs that 
react with different antigenic determinants of the virus or 
tumor cells. Useful carriers are well known in the art, and 
include, e.g., thyroglobulin, albumins such as human serum 

20 albumin, tetanus toxoid, polyamino acids such as 

poly (lysine: glutamic acid), influenza, hepatitis B virus core 
protein, hepatitis B virus recombinant vaccine and the like. 
The vaccines can also contain a physiologically tolerable 
(acceptable) diluent such as water, phosphate buffered saline, 

25 or saline, and further typically include an adjuvant. 

Adjuvants such as incomplete Freund's adjuvant, aluminum 
phosphate, aluminum hydroxide, or alum are materials well 
known in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 

30 such as P 3 CSS. Upon immunization with a peptide composition 

as described herein, via injection, aerosol, oral, transdermal 
or other route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 

35 immune to later infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
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otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immune response capabilities. Such an amount is 
defined to be an "immunogenically effective dose." In this 
5 use, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about 1.0 
fig to about 5000 fig per 70 kilogram, patient, more commonly 
from about 10 fig to about 500 fig mg per 70 kg of body weight. 

10 In some instances it may be desirable to combine the 

peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

For therapeutic or immunization purposes, the peptides 

15 of the invention can also be expressed by attenuated viral 
hosts, such as vaccinia or fowlpox. This approach involves 
the use of vaccinia virus as a vector to express nucleotide 
sequences that encode the peptides of the invention. Upon 
introduction into an acutely or chronically infected host or 

20 into a non- infected host, the recombinant vaccinia virus 

expresses the immunogenic peptide, and thereby elicits a host 
CTL response. Vaccinia vectors and methods useful in 
immunization protocols are described in, e.g., U.S. Patent No. 
4,722,848, incorporated herein by reference. Another vector 

25 is BCG (Bacille Calmette Guerin) . BCG vectors are described 
in Stover et al. ( Nature 351:456-460 (1991)) which is 
incorporated herein by reference. A wide variety of other 
vectors useful for therapeutic administration or immunization 
of the peptides of the invention, e.g., Salmonella t yphi 

30 vectors and the like, will be apparent to those skilled in the 
art from the description herein. 

Antigenic peptides may be used to elicit CTL ex vivo , 
as well. The resulting CTL, can be used to treat chronic 
infections (viral or bacterial) or tumors in patients that do 

35 not respond to other conventional forms of therapy, or will 

not respond to a peptide vaccine approach of therapy. Ex vivo 
CTL responses to a particular pathogen (infectious agent or 
tumor antigen) are induced by incubating in tissue culture the 
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patient's CTL precursor cells (CTLp) together with a source of 
antigen-presenting cells (APC) and the appropriate immunogenic 
peptide. After an appropriate incubation time (typically 1-4 
weeks), in which the CTLp are activated and mature and expand 
into effector CTL, the cells are infused back into the 
patient, where they will destroy their specific target cell 
(an infected cell or a tumor cell). 

The peptides may also find use as diagnostic reagents. 
For example, a peptide of the invention may be used to 
determine the susceptibility of a particular individual to a 
treatment regimen which employs the peptide or related 
peptides, and thus may be helpful in modifying an existing 
treatment protocol or in determining a prognosis for an 
affected individual. In addition, the peptides may also be 
used to predict which individuals will be at substantial risk 
for developing chronic infection. 

The following examples are of f ered by way of 
illustration, not by way of limitation. 
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Example 1 
Class I antigen isolation 
A flow diagram of an HLA-A antigen purification scheme 
is presented in Figure 1. Briefly, the cells bearing the 
5 appropriate allele were grown in large batches (6-8 liters 
yielding ~5 x 10 9 cells) , harvested by centrifugation and 
washed. All cell lines were maintained in RPMI 1640 media 
(Sigma) supplemented with 10% fetal bovine serum (FBS) and 
antibiotics. For large-scale cultures, cells were grown in 

10 roller bottle culture in RPMI 1640 with 10% FBS or with 10% 
horse serum and antibiotics. Cells were harvested by 
centrifugation at 1500 RPM IEC-CRU5000 centrifuge with 259 
rotor and washed three times with phosphate -buf f ered saline 
(PBS) (0.01 M P0 4 , 0.154 M NaCl, pH 7.2). 

15 Cells were pelleted and stored at -70°C or treated 

with detergent lysing solution to prepare detergent lysates. 
Cell lysates were prepared by the addition of stock detergent 
solution [1% NP-40 (Sigma) or Renex 30 (Accurate Chem. Sci. 
Corp., Westbury, NY 11590), 150 mM NaCl, 50 raM Tris, pH 8.0] 

20 to the cell pellets (previously counted) at a ratio of 50-100 
x 10 6 cells per ml detergent solution. A cocktail of protease 
inhibitors was added to the premeasured volume of stock 
detergent solution immediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 

25 produced final concentrations of the following: 

phenylmethylsulf onyl fluoride (PMSF) , 2 mM; aprotinin, 5 
/xg/ml; leupeptin, 10 /xg/ml; pepstatin, 10 /ig/ml; 
iodoacetamide, 100 fM; and EDTA, 3 ng/ml. Cell lysis was 
allowed to proceed at 4°C for 1 hour with periodic mixing. 

30 Routinely 5-10 x 10 9 cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4°C and 
subsequent passage of the supernatant fraction through a 0.2 /x 
filter unit (Nalgene) . 

35 The HLA-A antigen purification was achieved using 

affinity columns prepared with mAb- conjugated Sepharose beads. 
For antibody production, cells were grown in RPMI with 10% FBS 
in large tissue culture flasks (Corning 25160-225) . 
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Antibodies were purified from clarified tissue culture medium 
by ammonium sulfate f ractioitation followed by affinity 
chromatography on protein- A- Sepharose (Sigma) . Briefly, 
saturated ammonium sulfate was added slowly with stirring to 
the tissue culture supernatant to 45% (volume to volume) 
overnight at 4°C to precipitate the immunoglobulins. The 
precipitated proteins were harvested by centrifugation at 
10,000 x g for 30 minutes. The precipitate was then dissolved 
in a minimum volume of PBS and transferred to dialysis tubing 
(Spectro/Por 2, Mol. wt. cutoff 12 , 000-14, 000, Spectum Medical 
Ind.). Dialysis was against PBS (s20 times the protein 
solution volume) with 4-6 changes of dialysis buffer over a 
24-48 hour period at 4°C. The dialyzed protein solution was 
clarified by centrifugation (10,000 x g for 30 minutes) and 
the pH of the solution adjusted to pH 8.0 with IN NaOH. 
Protein-A-Sepharose (Sigma) was hydrated according to the 
manufacturer's instructions, and a protein- A- Sepharose column 
was prepared* A column of 10 ml bed volume typically binds 
50-100 mg of mouse IgG. 

The protein sample was loaded onto the protein-A- 
Sepharose column using a peristaltic pump for large loading 
volumes or by gravity for smaller volumes (<100 ml) * The 
column was washed with several volumes of PBS, and the eluate 
was monitored at A280 in a spectrophotometer until base line 
was reached. The bound antibody was eluted using 0.1 M citric 
acid at suitable pH (adjusted to the appropriate pH with IN 
NaOH) . For mouse IgG-l pH 6.5 was used for IgG2a pH 4.5 was 
used and for IgG2b and IgG3 pH 3.0 was used. 2 M Tris base 
was used to neutralize the eluate. Fractions containing the 
antibody (monitored by A280) were pooled, dialyzed against PBS 
and further concentrated using an Amicon Stirred Cell system 
(Amicon Model 8050 with YM30 membrane) . The anti-A2 mAb, 
BB7.2, was useful for affinity purification. 

The HLA-A antigen was purified using affinity columns 
prepared with mAb- conjugated Sepharose beads. The affinity 
columns were prepared by incubating protein-A-Sepharose beads 
(Sigma) with affinity-purified mAb as described above. Five 
to 10 mg of mAb per ml of bead is the preferred ratio. The 
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mAb bound beads were washed with borate buffer (borate buffer: 
100 mM sodium tetraborate, 154 mM NaCl, pH 8.2) until the 
washes show A280 at based line. Dimethyl pimelimidate (20 mM) 
in 200 mM triethanolamine was added to covalently crosslink 
5 the bound mAb to the protein- A- Sepharose (Schneider et al., J. 
Biol. Chem. 257:10766 (1982). After incubation for 45 minutes 
at room temperature on a rotator, the excess crosslinking 
reagent was removed by washing the beads twice with 10-20 ml 
of 20 mM ethanolamine, pH 8.2. Between each one the slurry 

10 was placed on a rotator for 5 minutes at room temperature. 
The beads were washed with borate buffer and with PBS plus 
0.02% sodium azide. 

The cell lysate (5-10 x 10 9 cell equivalents) was then 
slowly passed over a 5-10 ml affinity column (flow rate of 

15 0.1-0.25 ml per minute) to allow the binding of the antigen to 
the immobilized antibody. After the lysate was allowed to 
pass through the column, the column was washed sequentially 
with 20 column volumes of detergent stock solution plus 0.1% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M NaCl, 20 mM 

20 Tris, pH 8.0, and 10 column volumes of 20 mM Tris, pH 8.0. 

The HLA-A antigen bound to the mAb was eluated with a basic 
buffer solution (50 mM diethylamine in water) . As an 
alternative, acid solutions such as 0.15-0-25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 

25 eluate (1/50) was removed for protein quantification using 
either a colorimetric assay (BCA assay, Pierce) or by SDS- 
PAGE, or both. SDS-PAGE analysis was performed as described 
by Laemmli (Laemmli, U.K. , Nature 227:680 (1970)) using known 
amounts of bovine serum albumin (Sigma) as a protein standard. 

30 Allele specific antibodies were used to purify the specific 

MHC molecule. In the case of HLA-A2, the mAb BB7.2 was used. 

Example 2 

Isolation and sequencing of naturally processed peptides 
35 For the HLA-A preparations derived from the base (50 

mM diethylamine) elution protocol, the eluate was immediately 
neutralized with 1 N acetic acid to pH 7.0-7.5. The 
neutralized eluate was concentrated to a volume of 1 : 2 ml in 
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an Amicon stirred cell [Model 8050, with YM3 membranes 
(Amicon)]. Ten ml of ammonium acetate (0.01 M, pH 8.0) was 
added to the concentrator to remove the non- volatile salts, 
and the sample was concentrated to approximately 1 ml. A 
5 small sample (1/50) was removed for protein quantitation as 
described above. The remainder was recovered into a 15 ml 
polypropylene conical centrifuge tube (Falcon, 2097) (Becton 
Dickinson) . Glacial acetic acid was added to obtain a final 
concentration of 10% acetic acid. The acidified sample was 

10 placed in a boiling water bath for 5 minutes to allow for the 
dissociation of the bound peptides. The sample was cooled on 
ice, returned to the concentrator and the filtrate was 
collected. Additional aliquots of 10% acetic acid (1-2 ml) 
were added to the concentrator, and this filtrate was pooled 

15 with the original filtrate. Finally, 1-2 ml of distilled 
water was added to the concentrator, and this filtrate was 
pooled as well. 

The retentate contains the bulk of the HLA-A heavy 
chain and /^-microglobulin, while the filtrate contains the 

20 naturally processed bound peptides and other components with 
molecular weights less than about 3000. The pooled filtrate 
material was lyophiiized in order to concentrate the peptide 
fraction. The sample was then ready for further analysis. 

For HPLC (high performance liquid chromatography) 

25 separation of the peptide fractions, the lyophiiized sample 
was dissolved in 50 fil of distilled water, or into 0.1% 
trifluoracetic acid (TFA) (Applied Biosystems) in water and 
injected to a C18 reverse-phase narrow bore column (Beckman 
C18 Ultrasphere, 10 x 250 mm) , using a gradient system 

30 described by Stone and Williams (Stone, K.L. and Williams 

K.R., in, Macromolecular Sequencing and Synthesis; Selected 
Methods and Applications, A.R. Liss, New York, 1988, pp. 7-24. 
. Buffer A was 0.06% TFA in water (Burdick- Jackson) and buffer B 
was 0.052% TFA in 80% acetonitrile (Burdickr Jackson) . The 

35 flow rate was 0.250 ml/minute with the following gradient: 0- 
60 min., 2-37.5% B; 60-95 min., 37.5-75% B; 95-105 min., 75- 
98% B. The Gilson narrow bore HPLC configuration is 
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particularly useful for this purpose, although other 
configurations work equally well. 

A large number of peaks were detected by absorbance at 
214 nm, many of which appear to be of low abundance. Whether 
5 a given peak represents a single peptide or a peptide mixture 
was not determined. Pooled fractions were then sequenced to 
determine motifs specific for each allele as described below. 

Pooled peptide fractions, prepared as described above 
were analyzed by automated Edman sequencing using the Applied 
10 Biosystems Model 477A automated sequencer. The sequencing 
method is based on the technique developed by Pehr Edman in 
the 1950s for the sequential degradation of proteins and 
peptides to determine the sequence of the constituent amino 
acids . 

15 The protein or peptide to be sequenced was held by a 

12 -mm diameter porous glass fiber filter disk in a heated, 
argon-purged reaction chamber. The filter was generally pre- 
treated with BioBrene Plus™ and then cycled through one or 
more repetitions of the Edman reaction to reduce contaminants 

20 and improve the efficiency of subsequent sample sequencing. 

Following the pre- treatment of the filter, a solution of the 
sample protein or peptide (10 pmol-5 nmol range) was loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre -treated disk. Covalent 

25 attachment of the sample to the filter was usually not 

necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
. soluble. 

Briefly, the Edman degradation reaction has three 
30 steps: coupling, cleavage, and conversion. In coupling step, 
phenylisothiocyanate (PITC) is added. The PITC reacts 
quantitatively with the free amino -terminal amino acid of the 
protein to form the phenyl thiocarbamyl -protein in a basic 
environment. After a period of time for the coupling step, 
35 the excess chemicals are extracted and the highly volatile 

organic acid, trif luoroacetic acid, TFA, is used to cleave the 
PITC- coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ) derivative of 
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the amino acid. The remaining protein/peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
.ATZ amino acid is extracted and transferred to a conversion 
flask, where upon addition of 25% TFA in water, the ATZ amino 
5 acid is converted to the more stable phenyl thiohydantoin (PTH) 
amino acid that can be identified and quantified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a microbore C-18 reverse-phase HPLC column for the analysis* 
In the present procedures, peptide mixtures were 
10 loaded onto the glass filters. Thus, a single amino acid 

sequence usually does not result. Rather, mixtures of* amino 
acids in different yield are found. When the particular 
residue is conserved among the peptides being sequenced, 
increased yield for that amino acid is observed. 

15 

Example 3 

Definition of an A2.1 specific motif 
In one case, pooled peptide fractions prepared as 
described in Example 2 above were obtained from HLA-A2.1 

20 homozygous cell lines, for example, JY. The pooled fractions 
were HPLC fractions corresponding to 7% to 45% CH 3 CN. For 
this class I molecule, this region of the chromatogram was 
most abundant in peptides. Data from independent experiments 
were averaged as described below. 

25 The amino acid sequence analyses from four independent 

experiments were analyzed and the results are shown in Table 
3. For each position except the first, the data were analyzed 
by modifying the method described by Falk et al., supra . to 
allow for comparison of experiments from different HLA types. 

30 This modified procedure yielded quantitative yet standardized 
values while allowing the averaging of data from different 
experiments involving the same HLA type. 

The raw sequenator data was converted to a simple 
matrix of 10 rows (each representing one Edman degradation 

35 cycle) and 16 columns (each representing one of the twenty 
amino acids; W, C, R and H were eliminated for technical 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this cycle is 
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usually heavily contaminated by free amino acids . ) . The 
values of each row were summed to yield a total pmoles value 
for that particular cycle. For each row, values for each 
amino acid were then divided by the corresponding total yield 
value, to determine what fraction of the total signal is 
attributable to each amino acid at each cycle. By doing so, 
an "Absolute Frequency" table was generated. This absolute 
frequency table allows correction for the declining yields of 
each cycle. 



WO 94/20127 



36 



PCT/US94/02353 



i 

CO 

I 



a 



in 



00 
CO 



co 



o o 



CN OA CO 

in <n 



o o o 



o cn co r- 
o ^ in in 



o o o 



in co cn r- 
<n co oo 

o o o 



CN <N $CtV? co ro o 
CO Cn CO > O 

O O ©OH 



o 
o 



vo 
cn 



r* H 



o o o 



co 
o 



vo in in 
o co ^ 



H o 



in cn vo 
o in co 



o o 



in cn 

o O rH 



cn 
o 



CO CS i Ol:: 

:;.vo:£ m cn 



co 



CN 



CO 



in 
o 



O O H 



cn cn 
co vo cn 



o o 



in 



co ^ 
co ro o 



o H 



vo 



h H h 

o r- o 



h o 



cn no cn 

C» CO CO CO 



o o o o 



cn 
o 



co 

on 



en co co 
vo r* 



o o 



o 
o 



O CO 

cn o 



OHO 



in cn 
cn cn 



O H 



i o r- cn co h cn vo in co r- in in 

>h , , y» > m r* cn ro h , cn cn co cn , h 

• . * 1 :*>- . . . • 

4 iH ir-H^; OOOOHH OHOO H 



Cn : <> : :-::<*V v - 
CN 



cn in 
co 



o 



O O o 



co cn in cn 
in vo vo vo 



o o o 



cn r* 
cn h 



ro ^ 
ro cn 



h o 



VO 

cn 



cn 
in 



OHO 



in 
vo 



O H 




H VO 




<* CO 

co co m 

• • * 

o o o 



co 
vo 



& co vo l§ii| co 
o gctis cn 



vo 



o cn 
vo m 



ro cn 

H VO 



*i o o 



O O H O 



m 



S^HtaSOawHvJOi 



WO 94/20127 



PCT/US94/02353 



37 

Starting from the absolute frequency table, a 
"relative frequency" table was then generated to allow 
comparisons among different amino acids. To do so the data 
from each column was summed, and then averaged. Then, each 
5 value was divided next by the average column value to obtain 
relative frequency values. These values quantitate, in a 
standardized manner, increases and decreases per cycle, for 
each of the different sixteen, amino acid types. Tables 
generated from data from different experiments can thus be 

10 added together to generate average relative frequency values 
(and their standard deviations) . All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particular 
value exceeding 1.00 by more than two standard deviations is 

15 considered to correspond to a significant increase. 

Example 4 
Quantitative Binding Assays 
Using isolated MHC molecules prepared as described in 

20 Example 2, above, quantitative binding assays were performed. 
Briefly, indicated amounts of MHC as isolated above were 
incubated in 0.05% NP40-PBS with ~5 nM of radiolabeled 
peptides in the presence of 1-3 /*M j8 2 M and a cocktail of 
protease inhibitors (final concentrations 1 mM PMSF, 1.3 mM 

25 1.10 Phenanthroline, 73 fsM Pepstatin A, 8 mM EDTA, 200 /zM N-a- 
p-tosyl-L- Lysine Chloromethyl ketone) . After various times, 
free and bound peptides were separated by TSK 2000 gel 
filtration, as described previously in A. Sette et al., J. 
Immunol . 148:844 (1992), which is incorporated herein by 

30 reference. Peptides were labeled by the use of the Chloramine 
T method Buus et al., Science 235:1352 (1987), which is 
incorporated herein by reference. 

The HBc 18-27 peptide HLA binding peptide was 
radiolabeled and offered (5-10 nM) to 1 /iM purified HLA A2.1. 

35 After two days at 23 °C in presence of a cocktail of protease 
inhibitors and 1-3 /iM purified human j8 2 M, the percent of MHC 
class I bound radioactivity was measured by size exclusion 
chromatography, as previously described for class II peptide 
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binding assays in Sette et al., in Seminars in Immunology . 
Vol. 3, Gefter, ed. (W.B. Saunders, Philadelphia, 1991), pp 
195-202, which is incorporated herein by reference. Using 
this protocol, high binding (95%) was detected in all cases in 
5 the presence of purified HLA A2.1 molecules. 

To explore the specificity of binding, we determined 
whether the binding was inhibitable by excess unlabeled 
peptide, and if so, what the 50% inhibitory concentration 
(IC50%) might be. The rationale for this experiment was 

10 threefold. First, such an experiment is crucial in order to 
demonstrate specificity. Second, a sensitive inhibition assay 
is the most viable alternative for a high throughput 
quantitative binding assay. Third, inhibition data subjected 
to Scatchard. analysis can give quantitative estimates of the 

15 equilibrium constant (K) of interaction and the fraction of 
receptor molecules capable of binding ligand (% occupancy) . 
For instance, in analysis of an inhibition curve for the 
interaction of the peptide HBc 18-27 with A2.1, the IC50% was 
determined to be 25 nM. Further experiments were conducted to 

20 obtain Scatchard plots. For HBc 18-27/A2.1, six different 

experiments using six independent MHC preparations yielded a 
K D of 15.5 ± 9.9 x 10" 9 M and occupancy values of 6.2% (±1.4) . 

Several reports have demonstrated that cla^s I 
molecules, unlike class II, are highly selective with regard 

25 to the size of the peptide epitope that they recognize. The 
optimal size varies between 8 and 10 residues for different 
peptides and different class I molecules, although MHC binding 
peptides as long as 13 residues have been identified. To 
verify the stringent size requirement, a series of N- and 

30 C- terminal truncation/extension analogs of the peptide HBc 

18-27 were synthesized and tested for A2.1 binding. Previous 
studies had demonstrated that the optimal size for CTL 
recognition of this peptide was the 10-mer HBcl8-27 (Sette et 
al. supra ) . It was found that removal or addition of a 

35 residue at the C terminus of the molecule resulted in a 30 to 
100 -fold decrease in binding capacity. Further removal or 
addition of another residue completely obliterated binding. 
Similarly, at the N- terminus of the molecule, removal or 
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deletion of one residue from the optimal HBc 18-27 peptide 
completely abrogated A2.1 binding. 

Throughout this disclosure, results have been 
expressed in terms of ICBO's. Given the conditions in which 
5 our assays are run (i.e., limiting MHC and labeled peptide 
concentrations), these values approximate K D values. It 
should be noted that IC50 values can change, often 
dramatically, if the assay conditions are varied, and 
depending on the particular reagents used (e.g., Class I 
10 preparation, etc.). For example, excessive concentrations of 
MHC will increase the apparent measured IC50 of a given 
ligand. 

An alternative way of expressing the binding data, to 
avoid these uncertainties, is as a relative value to a 

15 reference peptide. The reference peptide is included in every 
assay. As a particular assay becomes more, or less, 
sensitive, the ICSO's of the peptides tested may change 
somewhat. However, the binding relative to the reference 
peptide will not change. For example, in an assay run under 

20 conditions such that the IC50 of the reference peptide 
increases 10 -fold, all IC50 values will also shift 
approximately ten- fold. Therefore, to avoid ambiguities, the 
assessment of whether a peptide is a good, intermediate, weak, 
or negative binder should be based on it's IC50, relative to 

25 the IC50 of the standard peptide. 

The reference peptide for the HLA-A2.1 assays 
described herein is referred to as 941 ♦ 01 having a sequence of 
FLPSDYFPSV. An average IC50 of 5 (riM) was observed under the 
assay conditions utilized. 

30 If the IC50 of the standard peptide measured in a 

particular assay is different from that reported in the table, 
then it should be understood that the threshold values used to 
determine good, intermediate, weak, and negative binders 
should be modified by a corresponding factor. For example, if 

35 in an A2.1 binding assay, the IC50 of the A2.1 standard 

(941.01) were to be measured as 8 nM instead of 5 nM, then a 
peptide ligand would be called a good binder only if it had an 
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IC50 of less than 80 nM (i.e., 8nM x 0.1), instead of the 
usual- cut-off value of 50 nM. 

Example 5 

5 HLA-A2.1 Binding Motif and Algorithm 

The structural requirements for peptide binding to 
A2.1 have been defined for both, 9-mer and 10-mer peptides. 
Two approaches have been used. The first approach referred to 
as the "poly- A approach" uses a panel of single amino acid 
10 substitutions of a 9-mer prototype poly-A binder (ALAXAAAAV) 

that is tested for A2.1 binding using the methods of Example 4 
above to examine' the degree of degeneracy of the anchor- 
positions and the possible influence of non- anchor positions 
on A2.1 binding. 

15 The second approach, the "Motif -Library approach", 

uses a large library of peptides selected from sequences of 
potential target molecules of viral and tumor origin and 
tested for A2.1 binding using the methods in Example 4 above. 
The frequencies by which different amino-acids occured at each 

20 position in good binders and non-binders were analysed to 

further define the role of non- anchor positions in 9-mers and 
10-mers. 



A2.1 bind ing pf peptide p-merg 

25 Polv A Approach A poly-A 9-mer peptide, containing 

the A2.1 motif L (Leu) in position 2 and V (Val) in position 9 
was chosen as a prototype binder. A K (Lys) residue was 
included in position 4 to increase solubility. A panel of 91 
single amino-acid substitution analogues of the prototype 

30 parental 9-mer was synthesized and tested for A2.1 binding 

(Table 4) . Shaded areas mark analogs with a greater than 10- 
fold reduction in binding capacity relative to the parental 
peptide. A reduction in binding greater than 100 -fold is 
indicated by hyphenation. 

3 5 Anchor- Positions 2 and 9 in poly-A Analogs The 

effect of single-amino-acid substitutions at the anchor 
positions 2 and 9 was examined first. Most substitutions in 
these positions had profound detrimental effects on binding 
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capacity, thus confirming their role for binding. More 
specifically, in position 2 only L and M bound within a 10- 
fold range ("preferred residues"). Residues with similar 
characteristics, such as I, V, A, and T were tolerated, but 
5 bound 10 to 100-fold less strongly than the parental peptide. 
All the remaining substitutions (residues S, N, D, F, C, K, G, 
and P) were not tolerated and decreased binding by more than 
100 -fold. Comparably stringent requirements were observed for 
position 9, where V, L and I were preferred and A and M are 
10 tolerated, while the residues T, C, N, F, and Y virtually 
abolished binding. According to this set of peptides, an 
optimal 2-9 motif could be defined with L, M in position 2 and 
V, I, or L in position 9. 
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Non- Anchor Positions 1 and 3-8 in polv-A Analogs All 
non-anchor positions were more permissive to different 
substitutions than the anchor-positions 2 and 9, i.e most 
residues were tolerated. Significant decreases in binding 
5 were observed for some substitutions in distinct positions. 

More specifically, in position l a negative charge (residues D 
and E) or a P greatly reduced the binding capacity. Most 
substitutions were tolerated in position 3 with the exception 
of the residue K. Significant decreases were also seen in 
10 position 6 upon introduction of either a negative charge (D, 
E) or a positively charged residue <R) . A summary of these 
effects by different single amino acid substitutions is given 
in Table 5. 
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TABLE 5 

Summary A2.1 Poly-A 



AA position 


1 + ) 


( + /- ) 


V J 


1 


FAYKVGSIT 




WTS'D 
CtLJir 


2 


LM 


V X lii 




3 


AFDEMxTjoJnPV 


JV 




A 








5 


NALYGEDKQ 






6 


FIAPCVYEG 


DR 




7 


YANLPVETQ 






8 


ALGP FYQTNVEHK 






9 


VIL 


AM 


TCNFY 



Ratio > 0*1 Ratio 0.01-0.1 Ratio < O.01 



The Motif -Library Approach To further evaluate the 
importance of non- anchor positions for binding, peptides of 
potential target molecules of viral and tumor origin were 
scanned for the presence of sequences containing optimal 2-9 
anchor motifs. A set of 161 peptides containing a L or M in 
position 2 and a V, L or I in position 9 was selected, 
synthesized and tested for binding (see Example 6). Only 
11.8% of these peptides bind with high affinity (ratio *0.10; 
22.4% were intermediate binders (ratio aO.l) . As many as 36% 
were weak binders (ratio <0.01 - 0.0001), and 31% were non- 
binders (ratio<0.0001) . The high number of non-binders 
containing optimal anchor-motifs indicates that in this set of 
peptides positions other than the 2-9 anchors influence A2.1 
binding capacity. Appendix 1 sets forth all of the peptides 
having the 2-9 motif used for this analysis and the binding 
data for those peptides. 

To define the influence on non-anchor positions more 
specifically, the frequency of occurrence of each amino acid 
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in each of the npn- anchor positions was calculated for the 
good and intermediate binders on one hand and non- binders on 
the other hand. Amino acids of similar chemical 
characteristic were grouped together. Weak binders were not 
considered for the following analysis. The frequency of 
occurence of each amino acid in each of the non- anchor 
positions was calculated for the good binders and non.-binders 
(Table 6) . 

Several striking trends become apparent. For example 
in position 1, only 3.6% of the A2.1 binders and as much as 
35% of the non-binders carried a negative charge (residues D 
and E) . This observation correlates well with previous 
findings in the set of poly- A analogs, where a D or E 
substitution greatly affected binding. Similarly, the residue 
P was 8 times more frequent in non-binders than in good 
binders. Conversely, the frequencies of aromatic residues (Y, 
F ; W) were greatly increased in A2.1 binders as compared to 
non -binders . 
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Following this approach, amino acids of similar 
structural characteristics were grouped together. Then, the 
frequency of each amino acid group in each position was 
calculated for binders versus non-binders (Table 7) Finally, 
the frequency in the binders group was divided by the 
frequency in the non-binders to obtain a "frequency ratio". 
This ratio indicates whether a given amino-acid or group of 
residues occurs in a given position preferentially in good 
binders (ratio >1) or in non- binders (ratio <1) . 

TABLE 7 
A2.1 9-mer PEPTIDES 
NUMBER OF PEPTIDES 161 
i GOOD BINDERS 19 11.8% 

INTERMEDIATE BINDERS 36 22.4% 

WEAK BINDERS 58 36.0% 

NON -BINDERS 48 29.8% 





pos. 1 


pos . 2 


pos . 3 


pos . 4 


pos . 5 


pos. 6 


POS. 7 


pos . 8 


pos. 9 




ratio 


ratio 


ratio 


ratio 


ratio 


ratio 


ratio 


ratio 


ratio 


A 


2.6 


NA 


0.9 


0.9 


0.7 


0.9 


4.4 


0.3 


NA 


6 


3.5 


NA 


0.4 


1.1 


1.1 


1.3 


0.4 


0.4 


NA 


D,E 


0.1 


NA 


0.0 


0.7 


0.3 


0.7 


0.1 


0.9 


NA 


R,H, K 


3.1 


NA 


0.2 


1.0 


0.9 


0.1 


0.0 


1.3 


NA 


L,V,I,M 


3*1 


1.0 


1.8 


0.5 


0.9 


1.3 


1.2 


1.7 


1.0 


Y,F,W 


7.0 


NA 


5.2 


0.9 


8.7 


2.0 


2.3 


2.6 


NA 


Q,N 


0.5 


NA 


0.4 


1.2 


0.9 


1.0 


0.7 


0.3 


NA 


S,T,C 


0.7 


NA 


1.9 


4.8 


0.9 


1.2 


1.2 


1.1 


NA 


P 


0.1 


NA 


0.7 


0.7 


2.6 


1.7 


2.9 


+++ 


NA 



20 



25 



30 



+++ indicates that there were no negative binders 



10 



Different Residues Influence A2 . 1 Binding In order to 
analyse the most striking influences of certain residues on 
A2.1 binding, a threshold level was set for the ratios 
described in Table 7. Residues showing a more than 4- fold 
greater frequency in good binders were regarded as preferred 
residues (+) . Residues showing a 4- fold lower frequency in 
A2.1 binders than in non-binders were regarded as disfavored 
residues (-). Following this approach, residues showing the 
most prominent positive or negative effects on binding are 
listed in Table 8. 
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This table identifies the amino acid groups which 
influence binding most significantly in each of the non- anchor 
positions. In general, the most negative effects were observed 
with charged amino acids. In position 1, negatively, charged 
5 amino acids were not observed in good binders, i.e., those 

amino acids were negative binding residues at position 1. The 
opposite was true for position 6 where only basic amino acids 
were detrimental for binding i.e., were negative binding 
residues. Moreover, both acidic and basic amino acids were not 
10 observed in A2.1 binders in positions 3 and 7. A greater than 
4- fold increased frequency of non-binders was found when P was 
in position 1. 

TABLE 8 

15 

Summary of A2.1 Motif -Library, 9-mers 



AA POSITION 


( + ) 


(-) 


1 


(YFW) 


P, (DE) 


2 


Anchor 




3 


(YFW) 


(DE) , (RKH) 


4 


(STC) 




5 


(YFW) 




6 




(RKH) 


7 


A 


(RKH) , (DE) 


8 






9 


Anchor 





(+) = Ratio * 4-fold (-) « Ratio * 0.25 



30 Aromatic residues were in general favored in several of 

the non-anchor positions, particularly in positions 1, 3, and 
5. Small residues like S, T, and C were favored in position 4 
and A was favored in position 7. 

An Improved A2 . 1 9-mer Motif The data described above 

35 was used to derive a stringent A2.1 motif. This motif is 
based in significant part on the effects of the non- anchor 
positions 1 and 3-8. The uneven distribution of amino acids at 
different positions is reflective of specific dominant 
negative binding effects of certain residues, mainly charged 
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ones, on binding affinity. A series of rules were derived to 
identify appropriate anchor residues in positions 2 and 9 and 
negative binding residues at positions 1 and 3-8 to enable 
selection of a high affinity binding immunogenic peptide. 
5 These rules are summarized in Table 9 . 

To validate the motif defined above and shown in Table 9 
published sequences of peptides that have been naturally 
processed and presented by A2.1 molecules were analysed (Table 
10). Only 9-mer peptides containing the 2-9 anchor residues 

10 were considered. 

When the frequencies of these peptides were analysed, it 
was found that in general they followed the rules summarized 
in Table 9. More specifically, neither acidic amino acids nor 
P were found in position 1. Only one acidic amino acid and no 

15 basic amino acids were found in position 3. Positions 6 and 7 
showed no charged residues. Acidic amino acids, however, were 
frequently found in position 8, where they are tolerated, 
according to our definition of the A2.1 motif . The analysis of 
the sequences of naturally processed peptides therefore 

20 reveals that >90% of the peptides followed the defined rules 
for a complete motif. 

Thus the data confirms a role of positions other than the 
anchor positions 2 and 9 for A2.1 binding. Most of the 
deleterious effects on binding are induced by charged amino 

25 acids in non- anchor positions, i.e. negative binding residues 
occupying positions 1, 3, 6 or 7. 
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TABLE 9 

A2.1 MOTIF FOR 9-MER PEPTIDES 



AA Position 


( + ) 


(-) 


■'■!-*■*";■;**■**;■"■'•■*'■■■**' v'-**^ 




j : : .;f gj^Sj^^ 


' : • :'. ' '". : :*:':*!• !• *■ 
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10 



15 
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TABLE 10 

A2.1 naturally processed peptides 



1 


2 


3 


4 


5 


6 


7 


8 


9 


A2 . 1 binding 


A 


L 


X 


G 


G 


X 


V 


N 


V 


ND 


L 


L 


D 


V 


P 


T 


A 


A 


V 


ND 


G 


X 


V 


P 


F 


X 


V 


S 


V 


0.41 


S 


L 


L 


P 


A 


I 


V 


E 


L 


0.19 


S 


. X 


X 


V 


R 


A 


X 


E 


V 


ND 


Y 


M 


N 


G 


T 


M 


s 


Q 


V 


ND 


K 


X 


N 


E 


P 


V 


X 


X 


X 


ND 


Y 


L 


L 


P 


A 


I 


V 


H 


I 


0.26 


A 


X 


W 


G 


F 


F 


P 


V 


X 


ND 


-T 


L 


W 


V 


D 


P 


Y 


E 


V 


0.23 


6 


X 


V 


P 


F 


X 


V 


S 


V 


0.41 



A2.1 Binding of Peptide 10-mers 

The "Motif -Library" Approach Previous data clearly 
indicated that 10-mers can also bind to HLA molecules even if 
with a somewhat lower affinity than 9-mers. For this reason we 
expanded our analysis to 10-mer peptides. 

Therefore, a "Motif -Library" set of 170 peptide 10- 
mers containing optimal motif -combinations was selected from 
known target molecule sequences of viral and tumor origin and 
analysed as described above for 9-mers. In this set we found 
5.9% good binders, 17.1% intermediate binders, 41.2% weak 
binders and 35.9% non-binders. The actual sequences, origin 
and binding capacities of this set of peptides are included as 
Appendix 2. This set of 10-mers was used to determine a) the 
rules for 10-mer peptide binding to A2.1, b) the similarities 
or differences to rules defined for 9-mers, and c) if an 
insertion point can be identified that would allow for a 
super imposable common motif for 9-mers and 10-mers. 
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Amino-acid frequencies and frequency ratios for the 
various amino -acid groups for each position were generated for 
10-mer peptides as described above for 9-mer peptides and are 
also shown in Tables 11 and 12, respectively for grouped 
5 residues. 

A summary of preferred versus disfavored residues 
and of the rules derived for the 10-mers in a manner analogous 
to that used for 9-mers, is also listed in Tables 13 and 14, 
respectively. 

10 When the frequency- ratios of different amino-acid 

groups in binders and non-binders at different positions were 
analysed and compared to the corresponding ratios for the 9- 
mers, both striking similarities and significant differences 
emerged (Table 15) . At the N- terminus and the C- termini of 9- 

15 mers and 10-mers, similarities predominate. In position 1 for 
example, in 10-mers again the P residue and acidic amino acids 
were not tolerated. In addition at position 1 in 10-mers 
aromatic residues were frequently observed in A2.1 binders. In 
position 3, acidic amino acids were frequently associated with 

20 poor binding capacity in both 9-mers and 10-mers. 

Interestingly, however, while in position 3 aromatic residues 
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TABLE 13 

Summary of A2.1 Motif -Library 10-mers 



AA position 


( + ) 


\ ) 


l 


(YFW) , A 




2 


Anchor 




3 


(LVIM) 




4 




i-i r \ KJV£l ) 


«j 




p 


6 


G 




7 




(RKH) 


8 


(YFW) , (LVIM) 


(DE) ; (RKH) 


9 




(RKH) 


10 


Anchor 





(+) = Ratio a 4-fold (-) = Ratio s 0.25 
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TABLE 14 
A2.1 MOTIF FOR 10-MER PEPTIDES 



AA 
Position 


( + ) 


(-). 


* :>: : S':V:- " : "^'}: : -. : \ 'i .< ; .-: : :V: : 






i ? : :<A'"'. * -: : v v>'v?:- : :-*i> 
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" ■■ ■'■ 
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TABLE 15 

COMPARISON OF A2.1 BINDING OF 9 -HERS AND 10-MERS 
9-mers 10-mers 



AA Position 


(+) 


(+) 


1 






2 


ftf ■•• :-:r:; :^(|a<^»4^s^ v ^ 




3 


(YWF) 


(LV1M) 


4 


(STC) 


6 


5 


(YWF) 




6 




6 


7 






8 






9 






10 







9-mers 10-mers 



AA Position 


<-) 


.(-) 


1 






2 






3 






4 




A, (RKH) 


5 
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were preferred in 9-mers, aliphatic residues (L, V, I, M) were 

preferred in 10-mers. 

At the C- terminus of the peptides/ basic amino acids 

are not favored in position 7, and both acidic and basic amino 
5 acids are not favored in position 8 for 10-mers. This is in 

striking agreement with the observation that the same pattern 

was found in 9-mers at positions 6 and 7. Interestingly, again 

the favored residues differ between two peptides sizes. 

Aromatic (Y, F, W) or aliphatic (L, V, I, M) residues were 
10 preferred in 10-mers at position 8, while the A residue was 

preferred by 9-mers in the corresponding position 7. 

By contrast, in the center of the peptide no 

similarities of frequency preferences were observed at 

positions 4, 5, and 6 in 10-mers and positions 4 and 5 in the 
is 9-mers. 

Most interestingly, among the residues most favored 
in the center of the tested peptides were G in position 4 and 
6, P in position 5 was not observed in binders. All of these 
residues are known to dramatically influence the overall 
20 secondary structure of peptides, and in particular would be 

predicted to strongly influence the propensity of a 10-mer to 
adopt a "kinked" or "bulged" conformation. 

Charged residues are predominantly deleterious for 
binding and are frequently observed in non-binders of 9-mers 
25 and 10-mers. 

However, favored residues are different for 9-mers 
and 10-mers. Glycine is favored while Proline is disfavored 
in the center of 10-mer peptides but this is hot the case for 
9-mers. 

30 These data establish the existence of an "insertion 

area" spanning two positions (4, 5) in 9-mers and 3 positions 
(4, 5, 6) in 10-mers. This insertion area is a more 
permissive region where few residue similarities are observed 
between the 9-mer and 10-mer antigenic peptides. Furthermore, 

35 in addition to the highly conserved anchor positions 2 and 9, 
there are "anchor areas" for unfavored residues in positions 1 
and 3 at the N- terminus for both 9-mer and 10-mer and 
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positions 7-10 or 6-9 at the C- terminus for 10-mers and 9- 
mers, respectively. 

Example 6 

5 Algorithm to Predict Binding of 9-mer Peptides to HLA-A2.1 

Within the population of potential A2.1 binding 
peptides identified by the 2,9 motif, as shown in the previous 
example, only a few peptides are actually good or intermediate 
binders and thus potentially immunogenic. It is apparent from 

10 the data previously described that the residues present in 

positions other than 2 and 9 can influence, often profoundly, 
the binding affinity of a peptide. For example, acidic 
residues at position 1 for A2.1 peptides do not appear to be , 
tolerated. Therefore, a more exact predictor of binding could 

is be generated by taking into account the effects of different 
residues at each position of a peptide sequence, in addition 
to positions 2 and 9. 

More specifically, we have utilized the data bank 
obtained during the screening of our collection of A2.1 motif 

20 containing 9-mer peptides to develop an algorithm which 

assigns a score for each amino acid, at each position along a 
peptide. The score for each residue is taken as the ratio of 
the frequency of that residue in good and intermediate binders 
to the frequency of occurrence of that residue in non-binders. 

25 In the present "Grouped Ratio" algorithm residues 

have been grouped by similarity. This avoids the problem 
encountered with some rare residues, such as tryptophan, where 
there are too few occurrences to obtain a statistically 
significant ratio. Table 16 is a listing of scores obtained 

30 by grouping for each of the twenty amino acids by position for 
9-mer peptides containing perfect 2/9 motifs. A peptide is 
scored in the "Grouped Ratio" algorithm as a product of the 
scores of each of its residues. In the case of positions 
other than 2 and 9, the scores have been derived using a set 

35 of peptides which contain only preferred residues in positions 
2 and 9. To enable us to extend our "Grouped Ratio" algorithm 
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TABLE 16 





1 


2 


•J 


4 




6 


7 


Q 


q 


























U . Uo 


n on 


n on 


U . ob 


U . O / 


A A 

4.4 


u . 


A 1 C 

U . 16 


c 


0. 73 


0 * 01 


1.9 


4 . 8 


0 . 87 


1.2 


1.2 


1. 1 


0.01 


D 


0 . 10 


0 . 01 


0 . 10 


0 . 65 


0 .29 


0 . 65 


0 . 11 


0 . 87 


0 .01 


E 


0 . 10 


0 . 01 


0.10 


0 . 65 


0.29 


0. 65 


0 . 11 


0 . 87 


0 . 01 


F 


7.0 


0 . 01 


5.2 


0. 87 


8 . 7 


2.0 


2.3 


2 . 6 


0 .01 


G 


3.5 


0.01 


0.44 


1.1 


1.1 


1.3 


0.44 


0.44 


0.01 


* H 


3.1 


0.01 


0.22 


1.0 


0.87 


0.09 


0.10 


1.3 


0.01 


I 


3.1 


0.14 


1.8 


0.55 


0.87 


1.4 


1.2 


1.8 


0.40 


K 


3.1 


0.01 


0.22 


1.0 


0.87 


0.09 


0.10 


i:3 


0.01 


L 


3.1 


1.00 


1.8 


0.55 


0.87 


1.4 


1.2 


1.8 


0.09 


M 


3 . 1 


2.00 


1.8 


0.55 


0.87 


1.4 


1.2 


1.8 


0.06 


N 


0 .50 


0.01 


0.37 


1.2 


0.87 


1.1 


0.65 


0.33 


0 .01 


P 


0. 12 


0 . 01 


0.70 


0.73 


2.6 


1.8 


2.9 


0.10 


0.01 


Q 


0.50 


0.01 


0.37 


1.2 


0.87 


1.1 


0.65 


0.33 


0.01 


K. 


i . 1 


A A1 

0 . 01 


0 . 22 


^ a 
1 . 0 


A O T 

0 . 87 


A A A 

0.09 


0 . 10 


1 . 3 


0 . 01 


s 


0.73 


0.01 


1.9 


4.8 


0.87 


1.2 


1.2 


1.1 


0.01 


T 


0.73 


0.01 


1.9 


4.8 


0.87 


1.2 


1.2 


1.1 


0.01 


V 


3.1 


0.08 


1.8 


0.55 


0.87 


1.4 


1.2 


1.8 


1.00 


W 


7.0 


0.01 


5.2 


0.87 


8.7 


2.0 


2.3 


2.6 


0.01 


Y 


7.0 


0.01 


5.2 


0.87 


8.7 


2.0 


2.3 


2.6 


0.01 
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to peptides which may have residues other than the preferred 
ones at 2 and 9, scores for 2 and 9 have been derived from a 
set of peptides which are single amino acid substitutions at 
positions 2 and 9, Figure 2 shows a scattergram of the log of 
5 relative binding plotted against "Grouped Ratio" algorithm 
score for our collection of 9-mer peptides from the previous 
example . 

The present "Grouped Ratio" algorithm can be used to 
predict a population of peptides with the highest occurrence 

10 of good binders. If one were to rely, for example, solely on 
a 2(L,M) and 9 (V) motif for predicting A2.1 binding 9-mer 
peptides, it would have been predicted that all 160 peptides 
in our database would be good binders. In fact, as has 
already been described, only 12% of these peptides would be 

15 described as good binders and only 22% as intermediate 

binders; 66% of the peptides predicted by such a 2,9 motif are 
either weak or non-binding peptides. In contrast, using the 
"Grouped Ratio* algorithm described above, and selecting a 
score of 1.0 as threshold, 41 peptides were selected. Of this 

20 set, 27% are good binders, and 49% are intermediate, while 
only 20% are weak and 5% are non- binders (Table 17) . 

The present example of an algorithm has used the 
ratio of binders/non- binders to measure the impact of a 
particular residue at each position of a peptide. It is 

25 immediately apparent to one of ordinary skill that there are 
alternative ways of creating a similar algorithm. 

An algorithm using the average binding affinity of 
all the peptides with a certain amino acid (or amino acid 
type) at a certain position has the advantage of including all 

30 of the peptides in the analysis, and not just 

good/intermediate binders and non-binders. Moreover, it gives 
a more quantitative measure of affinity than the simpler 
"Grouped Ratio" algorithm. We have created such an algorithm 
by calculating for each amino acid, by position, the average 

35 log of binding when that particular residue occurs in our set 
of 160 2,9 motif containing peptides. These values are shown 
in Table 18. The algorithm score for a peptide is then taken 
as the sum of the scores by position for each residues. 
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Figure 3 shows a scattergram of the log of relative binding 
against the average "Log of Binding" algorithm score* Table 
17 shows the ability of the two algorithms to predict peptide 
binding at various levels, as a function of the cut-off score 
5 used. The ability of a 2,9 motif to predict binding in the 
same peptide set is also shown for reference purposes. It is 
clear from this comparison that both algorithms of this 
invention have a greater ability to predict populations with 
higher frequencies of good binders than a 2,9 motif alone, 

10 Differences between the "Grouped Ratio" algorithm and the "Log 
of Binding" algorithm are small in the set of peptides 
analyzed here, but do suggest that the "Log of Binding" 
algorithm is a better, if only slightly, predictor than the 
"Grouped Ratio" algorithm. 

15 The log of binding algorithm was further revised in 

two ways. First, poly- alanine (poly- A) data were incorporated 
into the algorithms at the anchor positions for residues 
included in the expanded motifs where data obtained by 
screening a large library of peptides were not available. 

20 Second, an "anchor requirement screening filter" was 

incorporated into the algorithm. The poly-A approach is 
described in detail, above. The "anchor requirement screening 
filter" refers to the way in which residues are scored at the 
anchor positions, thereby providing the ability to screen out 

25 peptides which do not have preferred or tolerated residues in 
the anchor positions. This is accomplished by assigning a 
score for unacceptable residues at the anchor positions which 
are so high as to preclude any peptide which contains them 
from achieving an overall score which would allow it to be 

30 considered as a potential binder. 

The results for 9-mers and 10-mers are presented in 
Tables 26 and 27, below. In these tables, values are group 
values as follows: A; G; P; D,E; R,H, K; L,I,V,M; F,Y,W; S,T,C; 
and Q,N, except where noted in the tables. 
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TABLE 18 





1 


2 


3 


4 


5 


6 


7 


8 


9 






















A 


-2.38 


-3.22 


-2.80 


-2.68 


-2.89 


-2.70 


-2.35 


-3.07 


-2.49 


C 


-2.94 


-4.00 


-2.58 


-1.96 


-3.29 


-2.22 


-2.97 


-2.37 


-4.00 


D 


-3. €9 


-4.00 


-3.46 


-2.71 


-2.26 


-2.63 


-3.61 


-3.03 


-4.00 


E 


-3.64 


-4.00 


-3.51 


-2.65 


-3.39 


-3.41 


-3.21 


-2.63 


-4.00 


F 


-1.89 


-4.00 


-2.35 


-2.50 


-1.34 


-2.43 


-2.18 


-1.71 


-4.00 


G 


-2.32 


-4.00 


-3 .04 


-2.63 


-2.56 


-2.30 


-3.13 


-2.96 


'-4. 00 


H 


-2.67 


-4.00 


-2.58 


-2.58 


-2.05 


-3.32 


-3.13 


-2.16 


-4.00 


I 


-1.65 


-2.55 


-2.80 


-3.44 


-2.74 


-2.79 


-2.20 


-2.69 


-2.10 


K 


-2.51 


-4.00 


-3.65 


-2.93 


-3.34 


-3.77 


-3.13 


-3.27 


-4.00 


L 


-2.32 


-1.70 


-2.02 


-2.49 


-2.71 


-2.63 


-2.62 


-2.01 


-2.74 


M 


-0.39 


-1.39 


-1.79 


-3.07 


-3.43 


-1.38 


-1.33 


-0.97 


-2.96 


N 


-3.12 


-4.00 


-3.52 


-2.22 


-2.36 


-2.30 


-3.14 


-3.31 


-4.00 


P 


-3.61 


-4.00 


-2.97 


-2.64 


-2 .42 


-2.31 


-1.83 


-2.42 


-4.00 


Q 


-2.76 


-4.00 


-2.81 


-2.63 


-3.06 


-2.84 


-2.12 


-3.05 


-4.00 


R 


-1.92 


-4.00 


-3.41 


-2.61 


-3.05 


-3.76 


-3.43 


-3.02 


-4.00 


S 


-2.39 


-3.52 


-2.04 


-2.12 


-2.83 


-3,04 


-2.73 


-2.02 


-4.00 


T 


-2.92 


-4.00 


-2.60 


-2.48 


-2.17 


-2.58 


-2.67 


-3.14 


-3.70 


V 


-2.44 


-2.64 


-2.68 


-3.29 


-2.49 


-2.24 


-2.68 


-2.83 


-1.70 


w 


-0.14 


-4.00 


-1.01 


-2.94 


-1.63 


-2.77 


-2.85 


-2.13 


-4.00 


X 


-1.99 


-2.13 


-2.41 


-2.97 


-2.72 


-2.70 


-2.41 


-2.35 


-2.42 


Y 


-1.46 


-4.00 


-1.67 


-2.70 


-1.92 


-2.39 


-1.35 


-3.37 


-4.00 
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Example 7 

Use of an Algorithm to Predict B inding of 10-mer Peptides to 

HLA-A2.1 

Using the methods described in the proceeding 
example, an analogous set of algorithms has been developed for 
predicting the binding of 10-mer peptides. Table 19 shows the 
scores used in a "Grouped Ratio" algorithm, and Table 20 shows 
the "Log of Binding" algorithm scores, for 10-mer, peptides. 
Table 21 shows a comparison of the application of the two 
different algorithmic methods for selecting binding peptides. 
Figures 4 and 5 show, respectively, scattergrams of a set of 
10-mer peptides containing preferred residues in positions 2 
and 10 as scored by the "Grouped Ratio" and "Log of Binding" 
algorithms . 
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TABLE 19 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 
























A 


3,00 


0.01 


3.10 


0.20 


1.60 


0.60 


1.30 


1.60 


0.50 


0.01 


C 


0.90 


0.01 


0.90 


1.10 


1.00 


0.90 


1.40 


1.30 


2.90 


0.01 


D 


0.01 


0.01 


0.20 


0.60 


0.30 


1.00 


0.30 


0.01 


0.40 


0.01 


E 


0.01 


0.01 


0.20 


0.60 


0.30 


1.00 


0.30 


0.01 


0.40 


0.01 
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3 10 

J . XV 


3 .60 


0 . 60 


1.60 


14.1 


2.10 


0.01 
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0 . 01 


n eft 


A *7rt 


n on 
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2 70 


0 70 
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0.01 
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1.20 


.0 . 01 
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U . 1U 


U . / u 


n Art 


O 20 


0 01 


0 20 
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3 .00 
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1 . 00 
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T Aft 


A 7rt 
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1 00 
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1.20 
3.00 


0 . 01 
1.10 


0 . 30 
10.2 
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1.30 


n Art 
2.10 
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1.40 


4.70 


0 20 
0.80 


0 . 01 
0.50 


M 


3.00 


0.60 


10.2 


1.00 


1.30 


2.10 


1.40 


4.70 


0.80 


0.01 


N 


1.00 


0.01 


0.90 


0.80 


0.80 


0.80 


0.60 


0.40 


0.70 


0.01 


P 


0.00 


0.01 


0.40 


2.60 


0.01 


1.00 


0.40 


1.90 


1.20 


0.01 


Q 


1.00 


0.01 


0.90 


0.80 


0.80 


0.80 


0.60 


0.40 


0.70 


0.01 


R 


1.20 


0.01 


0.30 


0.10 


0.70 


0.40 


0.20 


0.01 


0.20 


0.01 


s 


0.90 


0.01 


0.90 


1.10 


1.00 


0.90 


1.40 


1.30 


2.90 


0.01 


T 


0.90 


0.01 


0.90 


1.10 


1.00 


0.90 


1.40 


1.30 


2.90 


0.01 


V 


3.00 


0.10 


10.2 


1.00 


1.30 


2.10 


1.40 


4.70 


0.80 


2.30 


W 


3.00 


0.01 


2.60 


3.10 


3.60 


0.60 


1.60 


14.1 


2.10 


0.01 


Y 


3.00 


0.01 


2.60 


3.10 


3.60 


0.60 


1.60 


14.1 


2.10 


0.01 
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Example 8 

Binding of A2.1 Algorithm Predicted Peptides 

The results of Examples 6 and 7 indicate that an algorithm can 
5 be used to select peptides that bind to HLA-A2.1 sufficiently 
to have a high probability of being immunogenic. 
To test this result, we tested our algorithm on a large (over 
1300) non- redundant, independent set of peptides derived from 
various sources. After scoring this set with our algorithm, 
10 we selected 41 peptides (Table 21) for synthesis, and tested 
them for A2.1 binding. This set of peptides was comprised of 
21 peptides with high algorithm scores, and 20 peptides with 
low algorithm scores. 

The binding data and categorization profile are shown in 
is Tables 22 and 23 respectively. The correlation between 
binding and algorithm score was 0.69. It is immediately 
apparent from Table 23 the striking difference between 
peptides with high algorithm scores, and those with low 
algorithm scores. Respectively, 76% of the high scorers and 
20 none of the low scorers were either good or intermediate 

binders. This data demonstrates the utility of the algorithm 
of this invention. 
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TABLE 22 



A2.1 Algorithm 
SEQUENCE SOURCE Binding Score 
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Example 9 

Ex vivo Induction nf Cytot oxic T Lymphocytes (CTL) 
Peripheral blood mononuclear cells (PBMC) are 
isolated from an HLA- typed patient by either venipuncture or 

5 apheresis (depending upon the initial amount of CTLp 

required), and purified by gradient centrifugation using 
Ficoll-Paque (Pharmacia). Typically, one can obtain one 
million PBMC for every ml of peripheral blood, or 
alternatively, a typical apheresis procedure can yield up to a 

10 total of 1-10 X 10 10 PBMC. 

The isolated and purified PBMC are co- cultured with . 
an appropriate number of antigen presenting cell (APC) , 
previously incubated ("pulsed") with an appropriate amount of 
synthetic peptide (containing the HLA binding motif and the 

15 sequence of the antigen in question) . PBMC are usually 

incubated at 1-2 X 10 6 cells/ml in culture medium such as 
RPMI-1640 (with autologous serum or plasma) or the serum- free 
medium AIM-V (Gibco) . 

APC are usually used at concentrations ranging from 

20 1X10 4 to 2X10 5 cells/ml, depending on the type of cell used. 

Possible sources of APC include: 1) autologous dendritic cells 
(DC) , which are isolated from PBMC and purified as described 
(Inaba, et al., J. Exp. Med. 166:182 (1987)); and 2) mutant 
and genetically engineered mammalian cells that express 

25 "empty' 1 HLA molecules (which are syngeneic [genetically 

identical] to the patient's allelic HLA form), such as the, 
mouse RMA-S cell line or the human T2 cell line. APC 
containing empty HLA molecules are known to be potent inducers 
of CTL responses, possibly because the peptide can associate 

30 ■ more readily with empty MHC molecules than with MHC molecules 
which are occupied by other peptides (DeBruijn, et al., Eur. 
J. Immunol . 21:2963-2970 (1991)). 

In those cases when the APC used are not autologous, 
the cells will have to be gamma irradiated with an appropriate 

35 dose (using, e.g., radioactive cesium or cobalt) to prevent 
their proliferation both ex vivo , and when the cells are 
re- introduced into the patients. 
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The mixture cultures, containing PBMC, APC and 
peptide are kept in an appropriate culture vessel such as 
plastic T- flasks, gas -permeable plastic bags, or roller 
bottles, at 37° centigrade in a humid air/C0 2 incubator. 
5 After the activation phase of the culture, which usually 

occurs during the first 3-5 days, the resulting effector CTL 
can be further expanded, by the addition of recombinant 
DNA- derived growth factors such as interleukin-2 (IL-2) , 
interleukin-4 (IL-4) , or intetleukin-7 (IL-7) to the cultures. 

10 An expansion culture can be kept for an additional 5 to 12 

days, depending on the numbers of effector CTL required for a 
particular patient. In addition, expansion cultures may be 
performed using hollow fiber artificial capillary systems 
(Cellco) , where larger numbers of cells (up to 1X10 11 ) can be 

15 maintained. 

Before the cells are infused into the patient, they 
are tested for activity, viability, toxicity and sterility. 
The cytotoxic activity of the resulting CTL can be determined 
by a standard 5I Cr-release assay (Biddison, W.E. 1991, Current 

20 Protocols in Immunology, p7, 17.1-7.17.5, Ed. J. Coligan et 
al., J. Wiley and Sons, New York), using target cells that 
express the appropriate HLA molecule, in the presence and 
absence of the immunogenic peptide. Viability is determined 
by the exclusion of trypan blue dye by live cells. Cells are 

25 tested for the presence of endotoxin by conventional 

techniques. Finally, the presence of bacterial or fungal 
contamination is determined by appropriate microbiological 
methods (chocolate agar, etc.). Once the cells pass all 
quality control and safety tests, they are washed and placed 

30 in the appropriate infusion solution (Ringer/glucose lactate) 
and infused intravenously into the patient. 

Example 10 
Assays for CTL Activity - 
35 1. Peptide synthesis : Peptide syntheses were carried 

out by sequential coupling of N- a- Fmoc -protected amino acids 
on an Applied Biosys terns (Foster City, CA) 43 OA peptide 
synthesizer using standard Fmoc coupling cycles (software 
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version 1.40) . All amino acids, reagents, and resins were 
obtained from Applied Biosys terns or Bachem. Solvents were 
obtained from Burdick & Jackson. Solid-phase synthesis was 
started from an appropriately substituted Fmoc- amino acid- 
5 Sasrin resin. The loading of the starting resin was 0.5-0.7 
mmol/g polystyrene, and 0.1 or 0.25 meq were used in each 
synthesis. A typical reaction cycle proceeded as follows: 1) 
The N- terminal Fmoc group was removed with 25% piperidine in 
dimethyl formamide (DMF) for 5 minutes, followed by another 

10 treatment with 25% piperdine in DMF for 15 minutes. The resin 
was washed 5 times with DMF. An N-methylpyrolidone (NMP) 
solution of a 4 to 10 fold excess of a pre- formed 1- 
hydroxybenzotriazole ester of the appropriate Fmoc -amino acid 
was added to the resin and the mixture was allowed to react 

15 for 30-90 min. The resin was washed with DMF in preparation 
for the next elongation cycle. The fully protected, resin 
bound peptide was subjected to a piperidine cycle to remove 
the terminal Fmoc group. The product was washed with 
dichlorome thane and dried. The resin was then treated with 

20 trifluoroacetic acid in the presence of appropriate scavengers 
[e.g. 5% (v/v) water] for 60 minutes at 20 *C. After 
evaporation of excess trifluoroacetic acid, the crude peptide 
was washed with dimethyl ether, dissolved in water and 
lyophilized. The peptides wee purified to >95% homogeneity by 

25 reverse-phase HPLC using H 2 0/CH 3 CN gradients containing 0.2% 
TFA modifier on a Vydac, 300A pore- size, C-18 preparative 
column. The purity of the synthetic peptides was assayed on 
an analytical reverse-phase column, and their composition 
ascertained by amino acid analysis and/or sequencing. 

30 Peptides were routinely dissolved in DMSO at the concentration 
of 20 mg/ml . 

2. Media : RPMI-1640 containing 10% fetal calf serum 

(FCS) 2 mM Glut amine, 50 pig/ml Gentamicin and 5x10 " 5 M 2- 
mercaptoethanol served as culture medium and will be referred 
35 to as R10 medium. 

RPMI-1640 containing 25 mM Hepes buffer and 
supplemented with 2% FCS was used as cell washing medium. 
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3. Rat Concanavalin A supernatant : The spleen cells 
obtained from Lewis rats (Sprague-Dawley) were resuspended at 
a concentration of 5xl0 6 cells/ml in RIO medium supplemented 
with 5 /ig/ml of ConA in 75 cm2 tissue culture flasks. After 

5 48 hr at 37 °C, the supernatants were collected, supplemented 
with 1% a-methyl-D-mannoside and filter sterilized (.45 /im 
filter). Aliquots were stored frozen at -20°C. 

4. LPS -activated lvmphoblasts : Murine splenocytes were 
resuspended at a concentration of l-1.5xl0 6 /ml in RIO medium 

10 supplemented with 25 /ig/ml LPS and 7 /xg/ml dextran sulfate in 
75 cm 2 tissue culture flasks. After 72 hours at 37°C, the 
lymphoblasts were collected for use by centrifugation. 

5. Peptide coating of lvmphoblasts : Coating of the LPS 
activated lymphoblasts was achieved by incubating 30xl0 6 

15 lymphoblasts with 100 pg ° f peptide in 1 ml of RIO medium for 
1 hr at 37 °C. Cells were then washed once and resuspended in 
RIO medium at the desired concentration for use in in vitro 
' CTL activation. 

6. Peptide coating of Jurkat A2/K b cells : Peptide 

20 coating was achieved by incubating 10x10 s irradiated (20,000 
rads) Jurkat A2.l/K b cells with 20 ftg of peptide in 1 ml of 
R10 medium for 1 hour at 37 °C. Cells were washed three times 
and resuspended at the required concentration in R10 medium. 

7. In Vitro CTL activation : One to four weeks after 
25 priming spleen cells (5 x 10 6 cells/well or 30xl0 6 cells/T25 

flask) were concultured at 37 *C with syngeneic, irradiated 
(3,000 rads), peptide coated lymphoblasts (2xl0 6 cells/well or 
lOxlO 6 cells/T25 flask) in R10 medium to give a final volume 
of 2 ml in 24- well plates or 10 ml in T25 flasks. 

30 8. Restimulation of effector cells : Seven to ten days 

after the initial in vitro activation, described in paragraph 
7 above, a portion of the effector cells were restimulated 
with irradiated (20,000 rads), peptide -coated Jurkat A2/K b 
cells (0.2xl0 6 cells/well) in the presence of 3xl0 6 "feeder 

35 cellsVwell (C57B1/6 irradiated spleen cells) in RIO medium 

supplemented with 5% rat ConA supernatant to help provide all 
of the cytokines needed for optimal effector cell growth. 
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9. Assay for cytotoxic activity : Target cells (3xl0 6 ) 

were incubated at 37 °C in the presence of 200 jil of sodium 
51 Cr chromate. After 60 minutes, cells were washed three 
times and resuspended in RIO medium. Peptides were added at 
5 the required concentration. For the assay, 10 4 51 Cr-labeled 

target cells wee added to different concentrations of effector 
cells (final volume of 200 fil) in U-bottom 96-2311 plates. 
After a 6 -hour incubation period at 37 # C, 0.1 ml aliquots of 
supernatant were removed from each well and radioactivity was 

10 determined in a Micromedic automatic gamma counter. The 

percent specific lysis was determined by the formula: percent 
specific release = 10 Ox (experimental release - spontaneous 
release) / (maximum release - spontaneous release). Where 
peptide titrations wee performed, the antigenicity of a given 

15 peptide (for comparison purposes) was expressed as the peptide 
concentration required to induce 40% specific 51 Cr release at 
a given E:T. 

Transgenic mice were injected subcutaneous ly in the 
base of the tail with an incomplete Freund's adjuvant emulsion 

20 containing 50 nM of the putative CTL epitopes containing the 

A2.1 motifs, and 50 nM of a hepatitis B core T helper epitope. 
Eight to 20 days later, animals were sacrificed and spleen 
cells were restimulated in vitro with syngeneic LPS 
lymphoblasts coated with the putative CTL epitope. A source 

25 of IL-2 (rat con A supernatant) was added^ at day 6 of the 
assay to a final concentration of 5% and CTL activity was 
measured on day 7. The capacity of these effector T cells to 
lyse peptide- coated target cells that express the A2 KB 
molecule (Jurkat A2 KB) was measured as lytic units. The 

30 results are presented in Table 24. 

The results of this experiment indicate that those 
peptides having a binding of at least 0.01 are capable of 
inducing CTL. All of the peptides in Appendices 1 and 2 
having a binding of at least about 0.01 would be immunogenic. 



35 
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TABLE 24 
Binding and Imcnunogenicity 
HBV Polymerase (ayw) 

CTL 



Peptide 












Dinuing xw 




7\ 1 rrnyi t~ Vim 


12 3 4 


5 


6 


1 


o 
o 


y 








F L L S 


Ij 


G 


1 


TT 
H 


T 
ll 


u * oz 




-20 8 


G L Y S 


S 


T 


V 


P 


V 


0.15 


10 


-21.9 


H L Y S 


H 


P 


I 


I 


L 


0.13 


10 


-21.1 


W t L R 


6 


T 


s 


F 


V 


0.018 


- + 


-20.9 . 


N L S W 


L 


S 


L 


D 


V 


0.013 


6 


-24.7 


L L S S 


N 


L 


S 


W 


L 


0.005 




-21.7 


N L Q S 


L 


T 


N 


L 


L 


0.003 




-23.9 


H L L V 


G 


S 


S 


G 


L 


0.002 




-24.7 


L L D D 


E 


A 


G 


P 


L 


0.0002 




-25.5 


P L E E 


E 


L 


P 


R 


L 


0.0001 




-26.1 


D L N L 


G 


N 


L 


N 


V 


. * 




-25.7 


N L Y V 


S 


L 


L 


L 


L 






-23.6 


P L P I 


H 


T 


A 


E 


L 






-25.04 



*-=<0.0001 

** Relative binding capacity compared to std with IC 50 = 52mM 
xxx Lytic units/10* cells; 1 lytic unit = the number of 
effector cells required to give 30% Cr 51 release. 
-,- + no measurable cytotoxic activity. 
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Example 11 
Identification of immunogenic peptides 
Using the motifs identified above for HLA-A2.1 
allele amino acid sequences from a tumor- related protein, 
5 Melanoma Antigen-1 (MAGE-1), were analyzed for the presence of 
these motifs. Sequences for the target antigen are obtained 
from the GenBank data base (Release No. 71.0; 3/92). The 
identification of motifs is done using the "FINDPATTERNS" 
program (Devereux et al., Nucleic Acids Research 12:387-395 
10 (1984)). 

Other viral and tumor- related proteins can also be 
analyzed for the presence of these motifs. The amino acid 
sequence or the nucleotide sequence encoding products is 
obtained from the GenBank database in the cases of Human 

15 Papilloma Virus (HPV) , Prostate Specific antigen (PSA) , p53 

oncogene, Epstein Barr Nuclear Antigen-1 (EBNA-1) , and c-erb2 
oncogene (also called HER-2/neu) . 

In the cases of Hepatitis B Virus (HBV) , Hepatitis C 
Virus (HCV) , and Human Immunodeficiency Virus (HIV) several 

20 strains/isolates exist and many sequences have been placed in 
GenBank. 

For HBV, binding motifs are identified for the adr, 
adw and ayw types. In order to avoid replication of identical 
sequences, all of the adr motifs and only those motifs from 

25 adw and ayw that are not present in adr are added to the list 
of peptides. 

In the case of HCV, a consensus sequence from 
residue 1 to residue 782 is derived from 9 viral isolates. 
Motifs are identified on those regions that have no or very 

30 little (one residue) variation between the 9 isolates. The 
sequences of residues 783 to 3010 from 5 viral isolates were 
also analyzed. Motifs common to all the isolates are 
identified and added 'to the peptide list. 

Finally, a consensus, sequence for HIV type 1 for 

35 North American viral isolates (10-12 viruses) was obtained 
from the Los Alamos National Laboratory database (May 1991 
release) and analyzed in order to identify motifs that are 
constant throughout most viral isolates. Motifs that bear a 
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small degree of variation (one residue, in 2 forms) were also 
added to the peptide list. 

Appendices 1 and 2 provide the results of searches 
of the following antigens CERB2, EBNA1, HBV, HCV, HIV, HPV, 
MAGE, p53, and PSA. Only peptides with binding affinity of at 
least 1% as compared to the standard peptide in assays 
described in Example 5 are presented. Binding as compared to 
the standard peptide is shown in the far right column. The 
column labeled "Pos." indicates the position in the antigenic 
protein at which the sequence occurs. 

Example 12 
Identification of immunogenic peptides 

Using the motifs disclosed here, amino acid 
sequences from various antigens were screened for further 
motifs. Screening was carried out as described in Example 11. 
Tables 25 and 26 provide the results of searches of the 
following antigens cERB2 , CMV, Influenza A, HBV, HIV, HPV, 
MAGE, p53, PSA, Hu S3 ribosomal protein, LCMV, and PAP. Only 
peptides with binding affinity of at least 1% as compared to 
the standard peptide in assays described in Example 5 are 
presented. Binding as compared to the standard peptide is 
shown for each peptide. 
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TABLE 25 



Sequence 


Antigen 


Molecule 


A2 
Bind. 


KIFGSLAFL 


C-ERB2 




0.1500 


RILHNGAYSL 


C-ERB2 




0.0180 


IISAWGILL 


C-ERB2 




0.0120 


MMWFWLTV 


CMV 




0.7600 


YLLLYFSPV 


CMV 




0.7500 


YLYRLNFCL 


CMV 




0.7200 


FMWTYLVTL 


CMV 




0.6800 


LLWWITILL 


CMV 




0.4900 


GLWCVLFFV 


CMV 




0.4700 


LMIRGVLEV 


CMV 




0.4500 


LLLCRLPFL 


CMV 




0.4200 


AMSRNLFRV 


CMV 




0.1500 


AMLTACVEV 


CMV 




0.1000 


RLQPNVPLV 


CMV 




0.0480 


VLARTFTPV 


CMV 




0.0440 


RLLRGLIRL 


CMV 




0.0370 


WMWFPSVLL 


CMV 




0.0360 


YLCCGITLL 


CMV 




0.0210 


SLLTEVETYV 


FLU-A 


Ml 


0.0650 


LLTEVETYV 


FLU -A 


Ml 


0.2000 


LLTEVBTYVL 


FLU -A 


Ml 


0.0130 


GILGFVFTL 


FLU -A 


Ml 


0.1900 


GILGFVFTLT 


FLU-A 


Ml 


0.0150 


ILGFVFTLT 


FLU-A 


Ml 


0.2600 


ILGFVFTLTV 


FLU-A 


Ml 


0.0550 


AIASCMGLI 


FLU-A 


Ml 


0.0110 


RMGAVTTEV 


FLU-A 


Ml 


0.0200 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Molecule 


A2 
Bind. 


VTTEVAFGL 


FLU-A 


Ml 


0.0360 


MVTTTNPLI 


FLU-A 


Ml 


0.0150 


FTFSPTYKA 


HBV 


POL 


0.0190 


YLHTLWKAGI 


HBV 


POL 


0.0280 


LMLQAGFFLV 


HBV (a) 


ENV(a) 


0.6300 


RMLTIPQSV 


HBV (a) 


ENV(a) 


0.0580 


SLDSWWTSV 


HBV(a) 


ENV(a) 


0.1000 


FMLLLCLIFL 


HBV (a) 


ENV(a) 


0.0450 


LLPFVQWFV 


HBV(a) 


ENV(a) 


0.6500 


LMPFVQWFV 


HBV (a) 


ENV(a) 


0.8300 


FLGLSPTVWV 


HBV (a) 


ENV(a) 


0.0300 


SMLSPFLPLV 


HBV (a) 


ENV(a) 


0.9700 


GLWIRTPPV 


HBV (a) 


ENV(a) 


0.3600 


NLGNLNVSV 


HBV (a) 


ENV(a) 


0.0160 


YLHTTiWKAGV 


HBV (a) 


POL (a) 


0.1500 


RLTGGVFLV 


HBV (a) 


POL (a) 


0.1600 


RMTGGVFLV 


HBV (a) 


POL (a) 


0.1500 


RLTGGVFLV 


HBV (a) 


ENV(a) 


0.1600 


ILGLLGFAV 


HBV (a) 


ENV(a) 


0.0600 


GLCQVFADV 


HBV (a) 


ENV(a) 


0.0300 


WLLRGTSFV 


HBV (a) 


ENV(a) 


0.1000 


YLPSALNPV 


HBV (a) 


ENV(a) 


0.3200 


LLVPFVQWFA 


HBV adr 




0.2600 


FLPSDFFPSI 


HBV adr 


( 


0.2100 


WSYVNVNM 


HBV adr 




0.0100 


HLPDRVHFA 


HBV adr 




0.0160 


SLAFSAVPA 


HBV adr 




0.0340 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Molecule 


A2 
Bind. 


FLLTKILTI 


HBV adw 




0.6300 


SLYNILSPFM 


HBV adw 




0.0440 


CLFHIVNLI 


HBV adw 




0.2100 


RLPDRVHFA 


HBV adw 




0.0940 


ALPPASPSA 


HBV adw 




0.0710 


GLLGWSPQA 


HBV ayw 




0.8650 


FLGPLLVLQA 


HBV ayw 




0.0190 


FLLTRILTI 


HBV ayw 




0.9300 


GMLPVCPLI 


HBV ayw 




0.0520 


QLFHLCLII 


HBV ayw 




0.0390 


KLCLGWliWGM 


HBV ayw 




0.0210 


LLWFHISCLI 


HBV ayw 




0.0130 


YLVSFGVWI 


HBV ayw 




2.7000 


LLEDWGPCA 


HBV ayw 




0.0180 


KLHLYSHPI 


HBV ayw 




0.2900 


FLIJIQFTSA 


HBV ayw 




0.6600 


LLAQFTSAI 


HBV ayw 




9.6000 


YMDDWLGA 


HBV ayw 




0.1600 


ALMPLYACI 


HBV ayw 




0.2000 


GLCQVFADA 


HBV ayw 




0 .0180 


HLPDLVHFA 


HBV ayw 




0.1100 


RLCCQLDPA 


HBV ayw 




0.0290 


ALMPLYACI 


HBV ayw 
polymerase 




0.5000 


FLCKQYLNL 


HBV ayw 

polymerase 

665-673 




0.0210 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Molecule 


A2 
Bind. 


SLYADSPSV 


HBV 

polymerase 




0.3500 


ALMPLYASI 


HBV 

polymerase 




0.0760 


NLNNLNVSI 


HBV 

polymerase 




0.0660 


ALSLIVNLL 


HBV 

polymerase 




0.0470 


KLHLYSHPI 


HBV 

polymerase 




0.2900 


WILRGTSFV 


HBV 

1344-1352 




0.0270 


LVLQAGFFLL 


HBVadr 


ENV 


0.0150 


FILLLCLIFL 


HBVadr 


ENV 


0.0280 


WILRGTSFV 


HBVadr 


POL 


0.0180 


IISCTCPTV 


HBVadw 


PreCore 


0.0190 


LVPFVQWFV 


HBVadw 


ENV 


0.0200 


LIISCSCPTV 


HBVadw 


CORE 


0.0290 


FLPSDFFPSI 


HBVayr 


PreCore 


0.2100 


LLCLGWLWGM 


HBVayr 


PreCore 


0.0220 


QLFHLCLII 


HBVayw 


PreCore 


0.0390 


CLGWLTGMDI 


HBVayw 


PreCore 


0.0190 


FLGGTTVCL 


HBVayw 


ENV 


0.1700 


SLYSILSPFL 


HBVayw 


ENV 


0.2000 


FLPSDFFPSV 


HBVayw 


CORE 


1.5000 


ILCWGELMTL 


HBVayw 


CORE 


0.1900 


LMTLATVA7GV 


HBVayw 


CORE 


0.6800 


TLATWVGVNL 


HBVayw 


CORE 


0.5700 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Molecule 


A2 
Bind. 


GLSRYVARL 


HBVayw 


POL 


0.1200 


FLCKQYLNL 


HBVayw 


POL 


0.1700 


RMRGTFSAPL 


HBVayw 


POL 


0.0110 


SLYADSFSV 


HBVayw 


POL 


0.3500 


YLYGVGSAV 


HCV 




0.1600 


LLSTTEWQV 


HCV 




0.0480 


IIGAETFYV 


HIV 


POL 


0.0260 


QLWVTVYYGV 


HIV 


ENV 


0.0250 


NLWVTVYYGV 


HIV 


ENV 


0.0160 


KLWVTVYYGV 


HIV 


ENV 


0.0150 


KLWVTVYYGV 


HIV.MN 
gpl€0 




0.0150 


YMLDLQPET 


HPV16 


E7 


1.4000 


TLGIVCPI 


HP VI 6 


E7 


0.6500 


YLLDLQEPV 


HPV16(a) 


E7 {a) 


0.2200 


YMLDLQPEV 


HPV16(a) 


E7 (a) 


1.9000 


MLDLQPETT 


HPV16E7 


E7 


0.0130 


SLQDIEITCVYCKTV 


HPV18 


E6 


0.0100 


RLLTSLFFL 


HSV 




0.3400 


RLLTSLFFL 


HSV 




0.3400 


LLLYYDYSL 


HSV 




0.2800 


DMLGRVFFV 


HSV 




0.0110 


TMFEALPHI 


LCMV 


Gp 


0.2000 


ALISFLLLA 


LCMV 


Gp 


0.2200 


TLMSIVSSL 


LCMV 


Gp 


0.2000 


NISGYNFSL 


LCMV 


Np 


0.0280 


ALLDGGNML 


LCMV 


Np 


0.0320 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Molecule 


A2 
Bind. 


ALHLFKTTV 


LCMV 


Gp 


0.0170 


SLISDQLLM 


LCMV 


Gp 


0.0540 


WLVTNGSYL 


LCMV 


Gp 


0,0180 


ALMDLLMFS 


LCMV 


Gp 


0.4300 


LMDLLMFST 


LCMV 


Gp 


0.0460 


LMFSTSAYL 


LCMV 


Gp 


0.3600 


YLVSIPLHL 


LCMV 


Gp 


0.4200 


SLHCKPEEA 


MAGE1 




0.0130 


ALGLVCVQA 


MAGE1 




0.0150 


LVLGTLEEV 


MAGE1 




0.0320 


GTLEEVPTA 


MAGE1 




0.0130 


CILESLFRA 


MAGE1 




0.0460 


KVADLVGFLL 


MAGE1 




0.0560 


KVADLVGFLLL 


MAGE1 




0.0200 


VMIAMEGGHA 


MAGE1 




0.0360 


SMHCKPEEV 


MAGE1 (a) 




0.0180 


AMGLVCVQV 


MAGE1 (a) 




0.0120 


LMLGTLEEV 


MAGE1 (a) 




0.1300 


KMADLVGFLV 


MAGE1 (a) 




1.5000 


VMVTCLGLSV 


MAGE1 (a) 




0.3000 


LLGDNQIMV 


MAGE1 (a) 




0.0430 


QMMPKTGFLrV 


MAGE1 (a) 




0.0500 


VMIAMEGGHV 


MAGE1 (a) 




0.0530 


WMELSVMEV 


MAGE1 (a) 




0 .0410 


FLWGPRALA 


MAGE IN 




0.0420 


RALAETSYV 


MAGE IN 




0.0100 


ALAETSYVKVL 


MAGE IN 




0.0120 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Molecule 


A2 
Bind. 


ALAETSYVKV 


MAGE IN 




0.0150 


KVLEYVTKV 


MAGE IN 




0.0900 


YVTKVSARV 


MAGE IN 




0.0140 


ALREEEEGV 


MAGE IN 




0.0210 


YMFLWGPRV 


MAGE1N (a) 




0.2200 


KMVELVHFLLL 


MAGE 2 




0.6700 


KMVELVHFL 


MAGE 2 




0.1600 


KMVELVHFLL 


MAGE2 




0.1100 


KASEYLQLV 


MAGE2 




0.0110 


YLQLVFGIEV 


MAGE 2 




0.3700 


LVFGIEWEV 


MAGE 2 




0.0120 


QLVFGIELMEV 


MAGE 3 




0.3400 


KVAELVHFL 


MAGE 3 




0.0550 


KVAE LVHFLL 


MAGE 3 




0.0120 


ELMEVDPIGHL 


MAGE 3 




0.0260 


HLYI FATCLGL 


MAGE3 




0.0410 


IMPKAGIiLI IV 


MAGE 3 




0.0130 


LVFGIELMEV 


MAGE3 




0.1100 


ALGRNSFEV 


p53 264-272 A8 (Al) 


0.0570 


LLGANSFEV 


p53 264-272 A8 (A4) 


0.1100 


LLGRASFEV 


p53 264-272 A8 (A5) 


0.2200 


LLGRNAFEV 


p53 264-272 A8 (A6) 


0.0390 


LLGRNSFAV 


p53 264-272 A8 (A8) 


0.0420 


RLGRNSFEV 


p53 264-272 A8 (Rl) 


0.0190 


LLGRRSFEV 


p53 264-272 A8 (R5) 


0.0540 


LLGRNSFRV 


p53 264-272 A8 (R8) 


0.0250 


LLFFWLDRSV 


PAP 




0.6000 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Molecule 


A2 
Bind. 


VLAKELKFV 


PAP 




0.0590 


ILLWQPIPV 


PAP 




1.3000 


IMYSAHDTTV 


PAP 




0.0610 


FLTLSVTWI 


PSA 




0.0150 


FLTLSVTWIGA 


PSA 




0.0160 


FLTLSVTWI 


. PSA 




0.0150 


VLVHPQWVLTA 


PSA 




0.0130 


SLFHPEDTGQV 


PSA 




0.0190 


MLLRLSEPAEL 


PSA 




0.1400 


ALGTTCYA 


PSA 




0.0230 


KLQCVDLHVT 


PSA 




0.0370 


FLPSDYFPSV 


HBVC18-27 analog 


1.0000 


YSFLPSDFFPSV 


HBVclB-27 analog 


0.0190 



WO 94/20127 



PCT/US94/02353 



88 

Table 26 





An micron. 


Molecule 


A2 

Bind* 


ALFLGFLGAA 


nlv 


rrnl CD 




mrr r\T m mif* t 

MLQLTyWGI 


HIV 


apiou 




WVTEVT.OPZV 

Xv V X A V JU^Ivn 


HIV 


cjpl60 


0 .1963 


JSJj 1 1t±jV_ V X ii 


rr TV 
ni v 


cml fin 


0 1600 


LLIAARIVEL 


HIV 


CA 


a i ccft 


S LIiNATD I AV 


TTTT T 

HIV 


gpibu 




ALFLGFLGA 


HIV 


i.jil C. A 

gpiou 


A AO A ET 


HMLQLTVWGI 


HIV 


gpl60 


0 . 0677 


LIiNATD IAV 


HIV 


gpibu 


A A C A *7 


ALL Y KT iD I V 


HIV 


gpibu 


n no co 
U • U J 


T,TT TiTVTVT T?T 

WLWYIKIFI 


HIV 


gpiou 




TIIVHLNESV 


HIV 


gpioo 


A A O ET A 

0 . 0350 


LLQYWSQEL 


HIV 


gpioo 


A A 1 C C 

0 . U2o5 




WTV 

m v 


cml fin 




LLYKLDIVSI 


HIV 


gpl60 


0.0245 


FLAIIWVDL 


HIV 


gpl60 


0.0233 
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Table 26 (Cont'd) 



TLQCKIKQII 


HIV 


gpl60 


0.0200 


GLVGLRIVFA 


HIV 


gpl60 


0.0195 


FLGAAGSTM 


HIV 


gplGO 


0.0190 


IISLWDQSL 


HIV 


gpl60 


0.0179 


TVWGIKQLQA 


HIV 


gpi60 


0.0150 


LLGRRGWEV 


HIV 


gpl60 


0.0142 


AVLSIVNRV 


HIV 


gpi60 


0.0132 


FIMIVGGLV 


HIV 


gpi60 


0,0131 




WTV 

XIX V 


gpl60 


0 .0117 


FLYGALLLA 


PLP 




1.9000 


SLLTFMIAA 


PLP 




0.5300 


FMIAATYNFAV 


PLP 




0.4950 


RMYGVLPWI 


PLP 




0.1650 


IAATYNFAV 


PLP 




0.0540 


GLLECCARCLV 


PLP 




0.0515 


YALTWWLL 


PLP 




0.0415 


ALTWWLLV 


PLP 




0.0390 


FLYGALLL 


PLP 




0.0345 


SLCADARMYGV 


PLP 




0.0140 


LLVFACSAV 


PLP 




0.0107 
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Table 26 (Cont'd) 



Sequence 


Antigen 


A2 


KMVELVHFLL 


MAGE 2 


0.2200 


KVAELVHFL 


MAGE 3 


0.0550 


RALAETSYV 


MAGE1N 


0.0100 


LVFGIELMEV 


MAGE3 


0.1100 


FLWGPRA1A 


MAGE IN 


0.0420 


ALAETSYVKV 


MAGE1 


0.0150 


IiVLGTLEEV 


HIV 


0.0320 


LLWKGEGAW 


HIV 


0.0360 


IIGAETFYV 


HIV 


0.0260 


LMVTVYYGV 


HIV 


0.4400 


LLFNILGGW 


HCV 


3.5000 


LLALLSCLTV 


HCV 


0.6100 


YLVAYQATV 


HCV 


0.2500 


FLLLADARV 


HCV 


0.2300 


ILAGYGAGV 


HCV 


0.2200 


YLLPRRGPRL 


HCV 


0.0730 


GLLGCIITSL 


HCV 


0.0610 


DLMGYIPLV 


HCV 


0.0550 


LIiALLSCLTI 


HCV 


0.0340 


VLAALAAYCL. 


HCV 


0.0110 


LLVPFVQWFV 


HBV 


1.6000 


FLLAQFTSA 


HBV 


0.6600 


FLLSLGIHL 


HBV 


0.5200 


ALMPLYACI 


HBV 


0.5000 


ILLLCLIFLL 


HBV 


0.3000 


LLPIFFCLWV 


HBV 


0.1000 


YLHTLWKAGI 


HBV 


0.0560 
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Table 26 (Cont'd) 



YLHTLWKAGV 



HBV 



0.1300 
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Example 13 
Identification of immunogenic peptides 
in autoantiaens 
As noted above, the motifs of the present invention 
5 can also be screened in antigens associated with autoimmune 
diseases* Using the motifs identified above for HLA-A2.1 
allele amino acid sequences from myelin proteolipid (PLP) , 
myelin basic protein (MBP) , glutamic acid decarboxylase (GAD), 
and human collagen types II and IV were analyzed for the 
10 presence of these motifs. Sequences for the antigens were 
obtained from Trifilieff et al., C.R. Sceances Acad. Sci. 
300:241 (1985); Eyler at al., J. Biol. Chem. 246:5770 (1971); 
Yamashita et al. Biochiem. Biophys. Res. Comm. 192:1347 
(1993); Su et al. t Nucleic Acids Res. 17:9473 (1989) and 
15 Pihlajaniemi et al. Proc. Natl. Acad. Sci. USA 84:940 (1987). 
The identification of motifs was done using the approach 
described in Example 5 and the algorithms of Examples 6 and 7. 
Table 27 provides the results of the search of these antigens. 

Using the quantitative binding assays of Example 4, 
20 the peptides are next tested for the ability to bind MHC 
molecules. The ability of the peptides to suppress 
proliferative responses in autoreactive T cells is carried out 
using standard assays for T cell proliferation. For instance, 
methods as described by Miller et al. Proc. Natl. Acad. Sci. 
25 USA, 89:421 (1992) are suitable. 

For further study, animal models of autoimmune 
disease can be used to demonstrate the efficacy of peptides of 
the invention. For instance, in HLA transgenic mice, 
autoimmune model diseases can be induced by injection of MBP, 
30 PLP or spinal cord homogenate (for MS), collagen (for 

arthritis) . In addition, some mice become spontaneously 
affected by autoimmune disease (e.g., NOD mice in diabetes). 
Peptides of the invention are injected into the appropriate 
animals, to identify preferred peptides. 



35 
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TABLE 27 
Human PLP peptides 



Pos 


i-ii-i 


Pi 

C X 




P3 


P4 


P5 


P6 


P7 


P8 


P9 


P10 Allele Motif 


3 


9 


L 


L 


E 


C 


C 


A 


R 


C 


L 


A2.1 (LM)2; (LVI) C 




q 






c 


F 


F 


G 


V 


A 


L 






Q 


A 


x, 


T 


G 


T 


E 


K 


L 


I 




1 74 




s 


x, 


E 


R 


V 


c 


H 


C 


L 




iij 




w 


x, 


G 


H 


p 


D 


K 


F 


V 




•L3Q 


Q 




L 


T 


V 


V 


W 


L 


L 


V 






Q 


T. 
xj 


T, 


v 


F 


A 


c 


s 


A 


V 






q 


p 




y 


G 


V 


L 


p 


W 


I 






i n 

1U 




T. 
XJ 


T, 
XJ 


E 


c 


c 


A 


R 


c 


L 




1U 


T 
XJ 


T. 
XJ 


T5 

Ct 


c 


Q 


A 


R 


c 


L 


V 


10 


n a 
1U 




T 

xi 


V 


fl 




p 


F 


A 


s 


L 


163 


10 


W 


L 




V 


r 


n 


r» 
\^ 


c 


A 


v 


250 


10 


T 


L 


V 


O 

b 


T 

Xj 


T. 
XJ 




F 


M 


I 


64 


9 


V 


I 


H 


A 


F 


Q 


Y 


V 


I 


Algorithm 


80 


9 


F 


L 


Y 


G 


A 


L 


L 


L 


A 




157 


9 


y 


A 


L 


T 


V 


V 


W 


L 


L 




163 


9 


w 


L 


L 


V 


F 


A 


C 


S 


A 




234 


9 


Q 


M 


T 


F 


H 


L 


F 


I 


A 




251 


9 


L 


V 


S 


L 


L 


T 


F 


M 


I 




253 


9 


S 


L 


I* 


T 


F 


M 


I 


A 


A 




259 


9 


I 


A 


A 


T 


y 


N 


F 


A 


V 




84 


10 


A 


L 


L 


L 


A 


E 


G 


F 


y 


T 


157 


10 


y 


A 


Li 


T 


V 


V 


W 


L 


L 


V 


165 


10 


L 


V 


F 


A 


C 


S 


A 


V 


p 


V 


218 


10 


K 


V 


C 


G 


S 


N 


L 


L 


s 


I 


253 


10 


s 


L 


L 


T 


F 


M 


I 


A 


A 


T 



Table 27 continued 
Human Collagen TypelV peptides 



Pos 


AA 


PI 


P2 


P3 


P4 


P5 


P6 


P7 


P8 


P9 


PI 


5 


9 


A 


L 


M 


G 


P 


L 


G 


I* 


L 




11 


9 


G 


L 


L 


G 


Q 


I 


G 


P 


L 




23 


9 


G 


M 


L 


G 


Q 


K 


G 


E 


I 




231 


9 


P 


L 


G 


Q 


D 


G 


L 


P 


V 




3 


10 


T 


L 


A 


L 


M 


G 


P 


L 


G 


L 


24 


10 


M 


L 


G 


Q 


K 


G 


E 


I 


G 


L 


59 


10 


P 


L 


G 


K 


D 


G 


P 


P 


G 


V 


139 


10 


P 


L 


G 


L 


P 


G 


A 


S 


G 


L 



Motif 



A2.1 



(LM)2; (LVI)C 



Pos 



Human Collagen Typell peptides 



AA PI P2 P3 P4 P5 P6 P7 P8 P9 P10 Allele 



Motif 



794 9 G L A G Q R G I V 
17 9V MQG PMGPM 



A2.1 (LM)2; (LVI)c 

Algorithm 
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Table 27 continued 
Human GAD peptides 



Pos AA Pi P2 P3 P4 P5 P6 P7 P8 P9 P10 Allele Motif 



56 


9 


S 


L 


E 


E 


K 


S 


R 


L 


V 




116 


9 


F 


L 


L 


E 


V 


V 


D 


I 


L 




117 


9 


L 


L 


E 


V 


V 


D 


I ■ 


L 


L 




150 


9 


G 


M 


E 


G 


F 


N 


L 


E 


L 




157 


9 


E 


L 


S 


D 


H 


P 


E 


S 


L 




168 


9 


I 


L 


V . 


D 


C 


R 


D 


T 


L 




190 


9 


Q 


L 


S 


T 


G 


L 


D 


I 


I 




229 


9 


T 


L 


K 


K 


M 


R 


E 


I 


V 




275 


9 


G 


M 


A 


A 


V 


P 


K 


L 


V 




300 


9 


A 


L 


G 


F 


G 


T 


D 


N 


V 




409 


9 


V 


L 


L 


Q 


c 


s 


A 


I 


L 




410 


9 


L 


Ii 


Q 


c 


s 


A 


I 


L 


V 




416 


9 


. I 


L 


V 


K 


E 


K 


G 


I 


L 




466 


9 


L 


M 


W 


K 


A 


K 


G 


T 


V 




534 


9 


K 


L 


H 


K 


V 


A 


P 


K 


I 




546 


9 


M 


M 


E 


s 


G 


T 


T 


M 


V 




582 


9 


F 


L 


I 


E 


E 


i 


E 


R 


• L 




42 


10 


K 


L 


G 


L 


K 


i 


c 


G 


F 


L 


116 


10 


F 


L 


L 


E 


V 


V 


D 


I 


L 


L 


138 


10 


V 


L 


D 


F 


H 


H 


P 


H 


Q 


Ii 


147 


10 


L 


L 


E 


G 


M 


E 


G 


F 


N 


L 


212 


10 


N 


M 


F 


T 


Y 


E 


I 


A 


P 


V 


275 


10 


G 


M 


A 


A 


V 


P 


K 


L 


V 


L 


300 


10 


A 


L 


G 


F 


G 


T 


D 


N 


V 


I 


328 


10 


I 


L 


E 


A 


K 


Q 


K 


G 


Y 


V 


381 


10 


L 


M 


S 


R 


K 


H 


R 


H 


K 


L 


409 


10 


V 


L 


L 


Q 


C 


S 


A 


I 


L 


V 


435 


10 


L 


L 


Q 


P 


D 


K 


Q 


Y 


D 


V 


465 


10 


W 


L 


M 


W 


K 


A 


K 


G 


T 


V 


485 


10 


E 


L 


A 


E 


Y 


L 


Y 


A 


K 


I 


545 


10 


L 


M 


M 


E 


S 


G 


T 


T 


M 


V 


252 


9 


G 


A 


I 


S 


N 


M 


Y 


S 


I 




367 


9 


N 


L 


W 


L 


H 


V 


D 


A 


A 




567 


9 


R 


M 


V 


I 


S 


N 


P 


A 


A 




299 


10 


A 


A 


L 


G 


F 


G 


T 


D 


N 


V 


406 


10 


M 


M 


G 


V 


L 


L 


Q 


C 


S 


A 


423 


10 


I 


L 


Q 


G 


C 


N 


Q 


M 


C 


A 



A2.1 (LM)2; (LVI) c 



A2.1 (LM)2; (LVI) C 



Algorithm 
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Example 14 

Immunogenic it v of HPV peptides in A2.1 t ransgenic mice 
A group of 14 HPV peptides, including 9 potential 
epitopes plus 3 low binding and one non-binding peptides as 
controls was screened for immunogenicity in HLA-A2.1 
transgenic mice using the methods described in Example 10 . To 
test the immunogenic potential of the peptides, HLA A2.1 
transgenic mice were injected with 50 fig/mouse of each HPV 
peptide together with 140 /zg/mouse of helper peptide (HBV core 
128 : 140 (TPPAYRPPNAPIL) . The peptides were injected in the 
base of the tail in a 1:1 emulsion IFA. Three mice per group 
were used. As a positive control, the HBV polymerase 561-570 
peptide, which induced a strong CTL response in previous 
experiments, was utilized. 

Based on these results (Table 28), four unrelated 
peptides were considered to be the most immunogenic: TLGIVCPI 
, LLMGTLGIV, YMLDLQPETT, and TIHDIILBCV. TLGIVCPI and 
YMLDLQPETT were found tobe good HLA-A2.1 binders, while 
LLMGTLGIV and TIHDIILECV were found to be intermediate binders 
in previous binding assays. 
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TABLE 28 

HPV-16 Peptides for possible use in clinical trial 



5 


Peptide 
Position/ 
Cytel ID 


Sequence 


AA 


A2.1 
Dluuiny 


Immunogeni ci ty 

DApcl XllldlU J. 


Immunogeni city 




E7. 86/1088. 01 


TLGIVCPI 


8 


0.15 


94.4 (1.34) 


54.2 (1.43)* 




E7. 86/1088. 06 


TLGIVCPIC 


9 


0.075 


2.05 (4.93) 


1.3 (3.74) 


10 


E7. 85/1088. 08 


GTLGIVCPI 


9 


0.021 


9/08 (3.93) 






E7.ll/1088.03 


YMLDLQPETT 


10 


0.15 


10.32 (1.66) 


5.7 (2.39) 




E7.ll/1088.04 


YMLDLQPET 


9 


0.14 


5.0 (3.70) 


2.6 (15.5) 




E7. 12/1088. 09 


MLDLQPETT 


9 


0.0028 


_ 


- 




E6. 52/1088. 05 


FAFRDLCIV 


9 


0.057 


_ 


ND 


15 


E7. 82/1088. 02 


LLM6TL6IV 


9 


0.024 


9.62 (2.53) 


8.93 (1.91) 




E6. 29/1088. 10 


TIHDIILECV 


10 


0.021 


22.13 (3.71) 


0.4 (3.52) 




E7. 7/1088. 07 


TLHEYMLDL 


9 


0.0070 




1.2 (3.88 




E6. 18/1088. 15 


KLPQLCTEL 


9 


0.0009 




0.3 (5.64) 




E6. 7/1088. 11 


AMFQDPQER 


10 


0.0002 




ND 


20 


E6. 26/1088. 12 


LQTTIHDII 


9 


0.0002 








E7. 73/1088. 13 


HVDIRTLED 


9 


0 




ND 



* a Lytic Units, geometric mean x+ SD (3 mice /peptide) 

** a dash indicates a Lytic Units with a geometric mean ssO.2 

25 
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Mixtures of selected HPV epitopes 

A combination of CTL peptides and a helper peptide 
were tested for the ability to provide an increased immune 
response. The four single peptides were injected separately 
5 in order to compare their immunogenicity to injections 
containing only the two good binders or only the two 
intermediate binders. In addition all four peptide were 
injected together. To further evaluate the immunogenicity of 
a combination of peptides with different binding affinity 

10 decreases, another control was introduced in this experiment. 
A mixture of the two good binders was injected in a different 
site than the mixture of the two intermediate binders into the 
base of the tail of the same mouse. All groups of CTL 
epitopes were injected together with the HBVc helper epitope, 

15 with the exception of two groups in which all four HPV 

coinjected with two different doses of a PADRE helper peptide 
(aKXVAAWTLKAAa, where a is d-alanine and X is 
cyclohexylalanine) either 1/xg or 0.05/ig per mouse. 

All four peptides induced a strong CTL response when 

20 injected alone and tested using target cells labeled with the 
appropriate peptide (Table 29). TLGIVCPI proved to be the 
strongest epitope, an observation confirming the results 
described above. When mixtures of all four peptides were 
injected and the responses were stimulated in vitro and tested 

25 with target cells pulsed with each single peptide, all 

combinations showed a strong CTL response. No significant 
difference was observed when the two helper epitopes were 
compared. This might in part be due to the fact that the 
highest dose of PADRE used in this experiment was 140 -fold 

30 lower than the one for the HBV helper peptide. 

Injection of mixtures of the two good binders 
together or the two intermediate binders resulted in a very 
low CTL response in both cases even though the single peptides 
were highly effective. These results, however, are due to a 

35 very low number of cell recovery after splenocyte culture of 6 
days and are therefore regarded as preliminary. 
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TABLE 29 

HPV Peptides single and in combinations 



A 

5 





Peptide/s injected 


1088.01 


Peptides in restimulation and CTL assay 
1088.02 1088.03 1088.10 




same as in vitro 


n l (3 49) * 


55.98 (2.49) 


5.56 (1.75) 


16.4 (1.49) 


10 


1088.01 + 
1088.03 + 
875.23 


1.37 (16.56) 




0 (0) 






1088.02 + 
1088.10 + 
• 875.23 




1.11 (2.9) 




1.62 (13.1) 


15 


1088. 01/. 03 + 
1088.02/.10 + 
875 . 23 


19.5 (4.1) 


4.68 (2.3) 


1.13 (21.9) 


1.17 (2.58) 




1088. all 


107.9 (4.77) 


13.52 (1.4) 


2.58 (5.07) 


102.3 (1.32) 


20 


+ 

875.23 












1088. all 


73.11 (4.48) 


16.83 (2.54) 


3.55 (2.9) 


20.13 (1.05) 




+ 

PADRE 1 fxg 










25 


1088. all 
+ 

PADRE 0.05 fig 


37.15 (2.25) 


26.79 (2.09) 


6.5 (1.64) 


4.45 (4.14) 



* a Lytic Units 30% geometric mean (+x deviation) 



30 Peptides were dissolved in 50%DMSO/H2O to reach a stock concentration of 
20mg/ml and were further dissolved in sterile PBS. For subcutaneous 
injection in the base of the tail of A2.1 transgenic mice, the peptide 
solution was mixed 1:1 with IFA. The injected amount of HPV-CTL peptides 
was 50 /ig/mouse coinjected with 140 /zg/mouse of the HBVcore peptide 875.23 

35 or the indicated dose of PADRE (3 mice/group) . Spleens were removed on 
day 11 and splenocytes were restimulated in vitro with irradiated LPS- 
Blasts pulsed with the indicated HPV-CTL epitopes at l^g/ml. After six 
days, the cytotoxic assay was performed using Jurkat JA2Kb cells (A) or 
MBB17 (B) as target cells labelled with 51Cr in the presence or absence of 

40 the appropriate HPV epitope peptides. 
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The above examples are provided to illustrate the 
invention but not to limit its scope. Other variants of the 
invention will be readily apparent to one of ordinary skill in 
the art and are encompassed by the appended claims. All 
publications, patents, and patent applications cited herein 
are hereby incorporated by reference. 
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APPENDIX I: 9-MER PEPTIDES 







; : :&AA.:..; 




>'< ;•**> 


: ,::| ^"Sffe 




SIS 

•&.^Ty-m& u 


1.0841 


ILSPFLPLL 


9 


HBV 


adr 




O "71 


O Q 


1.0240 


TLQDIVLHL 


9 


HPV 


18 


E7 


7 


0 . 76 


1.0838 


WLSLLVPFV 


9 


HBV 


adr 


ENV 


335 


0.72 


1.0851 


FLLSLGIHL 


9 


HBV 


adr 


POL 


1147 


0.52 


1.0306 


QLFEDNYAL 


9 


C-ERB2 






106 


0.46 


1.0814 


LMVTVYYGV 


9 


HIV 




ENV 


2182 


0.44 


1.0878 


MMWFWGPSL 


9 


HBV 


adw 


ENV 


360 


0.41 


1.0839 


MMWYWGPSL 


9 


HBV 


adr 


ENV 


360 


0.41 


1.0384 


FLTKQYLNL 


9 


HBV * 


adw 


POL 


1279 


0.29 


1.0321 


ILHNGAYSL 


9 


C-ERB2 






435 


0.21 


1.0834 


LLLCLIFLL 


9 


HBV 


adr 


ENV 


250 


0.19 


1.0167 


GLYSSTVPV 


9 


HBV 


adr 


POL 


635 


0.15 


1.0849 


HLYSHPIIL 


9 


HBV 


adr 


POL 


1076 


0.13 


1.0275 


RMPEAAPPV 


9 


P 53 






65 


0.12 


1.0854 


LLMGTLGIV 


9 


HPV 


16 


E7 


82 


0.11 


1.0880 


ILSPFMPLL 


9 


HBV 


adw 


ENV 


371 


0.11 


1.0127 


YLVAYQATV 


9 


HCV 




LORF 


1585 


0.11 


1.0151 


VLLDYQGML 


9 


HBV 


adr 


ENV 


259 


0.11 


1.0018 


VLAEAMSQV 


9 


HIV 




GAG 


367 


0.11 


1.0330 


RLLQETELV 


9 


C-ERB2 






689 


0.091 


1.0209 


SLYAVSPSV 


9 


HBV 


adr 


POL 


1388 


0.078 


1.0816 


DLMGYIPLV 


9 


HCV 




CORE 


132 


0.055 


1.0835 


LLCLIFLLV 


9 


HBV 


adr 


ENV 


251 


0.049 


1.0852 


FLCQQYIiHL 


9 


HBV 


adr 


POL 


1250 


0.048 
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. 




■: : : v : 
■: : *.v 






:?::Hpl«cai3:e::.;; 






1.0882 


NLYVSLMLL 


9 


HBV 


adw 


POL 


1088 


0.046 


1.0837 


GMLPVCPLL 


9 


HBV 


adr 


ENV 


265 


0.046 


1.0819 


ILPCSFTTL 


9 


HCV 




NS1/ENV2 


676 


0.045 


1.0109 


ALSTGLIHL 


9 


HCV 




NS1/ENV2 


686 


0.042 


1\0833 


ILLLCLIFL 


9 


HBV 


adr 


ENV 


249 


0.035 


1.0301 


HLYQGCQW 


9 


C-ERB2 






48 


0 .034 


1.0337 


CLTSTVQLV 


9 


C-ERB2 






789 


0.034 


1.0842 


PLLPIFFCL 


9 


HBV 


adr 


ENV 


377 


0.031 


1.0861 


ALCRWGLLL 


9 


C-ERB2 






5 


0.031 


1.0309 


VLIQRNPQL 


9 


C-ERB2 






153 


0.029 


1.0828 


VLQAGFFLL 


9 


HBV 


adr 


ENV 


177 


0.024 


1.0844 


LLWFHISCL 


9 


HBV 


adr 


CORE 


490 


0.024 


1.0135 


ILAGYGAGV 


9 


HCV 




LORF 


1851 


0.024 


1.0870 


. QLMPYGCLL 


9 


C-ERB2 






799 


0.023 


1.0075 


LLWKGEGAV 


9 


HIV 




POL 


1496 


0.023 


1.0873 


FLGGTPVCL 


9 


HBV 


adw 


ENV 


204 


0.021 


1.0323 


ALIHHNTHL 


9 


C-ERB2 






466 


0.021 


1.0859 


VLVHPQWVL 


9 


PSA 






49 


0.020 


1.0267 


KLQCVDLHV 


9 


PSA 






166 


0.019 


1.0820 


VLPCSFTTL 


9 


HCV 




NS1/ENV2 


676 


0.017 


1.0111 


HLHQNIVDV 


9 


HCV 




NS1/ENV2 


693 


0.016 


1.0103 


SMVGNWAKV 


9 


HCV 




ENV1 


364 


0.016 


1.0283 


LLGRNSFEV 


9 


p53 






264 


0.014 


1.0207 


GLYRPLLSL 


9 


HBV 


adr 


POL 


1370 


0.014 
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APPENDIX I: 9-MER PEPTIDES 



: "; > ^: vi : if?^?^: 




mm 








tljfg 


•x«vW-k*§*:w>>>:*x 


1 ftOOO 

1 . U3o7 


I Kir JjI iK li 




WAV 

J1D V 


GIUW - 


POL 


1399 

•L J J */ 


0 . 014 


1.0185 


NLSWLSLDV 


9 


HBV 


adx 






a ai o 


1.0113 


FLLLADARV 


9 


HCV 




NS1/ENV2 


725 


0 . 013 


1.0119 


YliVTRHADV 


9 


HCV 




LORF 


11 Jl 


U . Ull 


1.0846 


CLTHIVNLL 


9 


HBV 


aar 




fti o 


a f\i a 


1.0156 


BLMNIATWV 


9 


HBV 


aar 


CORE 


454 


A An A 


1.0236 


KLPDLCTEL 


9 


HPV 


18 


E6 


13 


0 . 010 


1.0056 


ALQDSGLEV 


9 


HIV 




POL 


1180 


0 .0083 


1.0375 


LLSSDLSWL 


9 


HBV 


adw 


POL 


1021 


0.0081 


1.0094 


ALAHGVRVL 


9 


HCV 




CORE 


150 


0.0072 


1.0129 


TLHGPTPLL 


9 


HCV 




LORF 


1617 


0.0070 


1.0041 


KLLRGTKAL 


9 


HIV 




POL 


976 


0.0069 


1.0131 


CMSADLEW 


9 


HCV 




LORF 


1648 


0.0067 


1.0872 


GLLGPLLVL 


9 


HBV 


adw 


ENV 


170 


0 . 0066 


1.0228 


TLHEYMLDL 


9 


HPV 


16 


, E7 


7 


0 . 0059 


1.0274 


KliLPENNVL 


9 


p53 






24 


0 . 0058 


1.0043 


ILKEPVHGV 


9 


HIV 




POL 


1004 


0 . 0055 


1.0206 


RLGLYRPLL 


9 


HBV 


adr 


POL 


1368 


0 . 0050 


1.0188 


GLPRYVARL 


9 


HBV 


adr 


POL 


1027 


0.0050 


1.0202 


KLIGTDNSV 


9 


HBV 


adr 


POL 


1317 


0.0050 


1 . 0818 


fllallscl 


9 


HCV 






1 / / 


A AAA C 


1.0184 


LLSSNLSWL 


9 


HBV 


adr 


POL 


992 


0.0046 


1.0102 


QLLRIPQAV 


9 


HCV 




ENV1 


337 


0.0039 


1.0114 


GLRDLAVAV 


9 


HCV 




LORF 


963 


0.0034 
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•k««^:«v>»&':-X':«-XvK 


:x-.cStrrai : n;s : 








1.0005 


TLNAWVKVI 


9 


HIV 




GAG 


156 


0.0032 


1.0183 


NLQSLTNLL 


9 


HBV 


adr 


POL 


985 


0.0025 


1.0359 


QLGRKPTPL 


9 


HBV 


adw 


ENV 


89 


0.0025 


1.0150 


SLDSWWTSL 


9 


HBV 


adr 


ENV 


194 


0.0023 


1.0362 


ILSKTGDPV 


9 


HBV 


adw 


ENV 


153 


0.0021 


1.0866 


ILLVWLGV 


9 


C-ERB2 






661 


0.0020 


1.0214 


LLHKRTLGL 


9 


HBV 


adr 


"X" 


1510 


0.0019 


1.0216 


CLFKDWEEL 


9 


HBV 


adr 




1533 


0.0019 


1.0862 


GLGISWLGL 


9 


C-ERB2 






447 


0.0018 


- 1.0187 


HLLVGSSGL 


9 


HBV 


adr 


POL 


1020 


0.0018 


1.0318 


TLEEITGYL 


9 
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10 


p53 






34 


0 


1.0690 


ELAALCRWGL 


10 


C-ERB2 






Z 


u 


1.0692 


RLPASPETHL 


10 


C-ERB2 






1A 


n 

u 


1.0699 


RLRIVRGTQL 


10 


C-ERB2 






Q Q 




1.0701 


GLRELQLRSL 


10 


C-ERB2 








U 


1 . 0730 




xu 








711 


o 


1.0732 


ILKETELRKV 


10 


C-ERB2 






714 


0 


1.0754 


PLDSTFYRSL 


10 


C-ERB2 






999 


0 


1.0755 


LLEDDDMGDL 


10 


C-ERB2 






1008 


0 
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m : 








%:<•>>: r^x*^ 


1.0758 


DLGMGAAKGL 


10 


C-ERB2 






1089 


9 


1.0761 


PLPSETOGYV 


10 


C-ERB2 






1119 


0 


1.0763 


TLSPGKNGW 


10 


C-ERB2 






1172 


0 


1.0765 


TLQDPRVRAL 


10 


HBV 


adw 


ENV 


119 


0 


1.0768 


NMENIASGLL 


10 


HBV 


adw 


ENV 


163 


0 


1.0775 


BLPHLADEGL 


10 


HBV 


adw 


POL 


627 


0 


1.0776 


GLNRPVAEDL 


10 


( HBV 


adw 


POL 


635 


0 


1.0777 


PLTVNENRRL 


10 


HBV 


adw 


POL . 


701 


0 


1.0790 


LLYKTYGRKL 


10 


HBV 


adw 


POL 


1095 


0 


1.0801 


GLSAMSPTDL 


10 


HBV 


adw 




1546 


0 


1.0802 


DLEAYFKDCV 


10 


HBV 


adw 


"X" 


1554 


0 


1.0803 


TLQDPRVRGL 


10 


HBV 


ayw 


ENV 


119 


0 


1.0804 


NMENITSGFL 


10 


HBV 


ayw 


ENV 


163 


0 


1.0891 


DLVNLLPAIL 


10 


HCV 




LORF 


1878 


0 


1.0404 


PLTEEKIKAL 


10 


HIV 




POL 


720 


<0.0002 


1.0409 


QLGIPHPAGL 


10 


HIV 




POL 


786 


<0.0002 


1.0411 


GLKKKKSVTV 


10 


HIV 




POL 


794 


<0.0002 


1.0450 


PIWKGPAKLL 


10 


HIV 




POL 


1488 


<0.0002 


1.0476 


DLAVAVEPW 


10 


HCV 




LORF 


966 


<0.0002 


. 1.0478 


SLTGRDKNQV 


10 


HCV 




LORF 


1046 


<0.0002 


1.0490 


DLEWTSTWV 


10 


HCV 




LORF 


1652 


<0 . 0002 


1.0494 


GLGKVLIDIL 


10 


HCV 




LORF 


1843 


<0.0002 


1.0505 


VLTTSCGNTL 


10 


HCV 




LORF 


2704 


<0.0002 


1.0506 


ELITSCSSNV 


10 


HCV 




LORF 


2781 


<0.0002 



WO 94/20127 



PCTAJS94/02353 



114 

APPENDIX II: 10-MER PEPTIDES 



















1.0510 


CLRKLGVPPL 


10 


HCV 




LORF 


2908 


<0.0002 


1.0511 


PLGFFPDHQL 


10 


HBV 


adr 


ENV 


10 


<0.0002 


1.0514 


NMENTTSGFL 


10 


HBV 


adr 


ENV 


163 


<0.0002 
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Appendix III 
PLP 8-mers 




Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


Algorithm 
Score 
(E02) 


Hu PLP 


10 


8 


C 


L 


V 


G 


A 


P 


F 


A 




Hu PLP 


13 


8 


G 


A 


P 


F 


A 


S 


L 


V 




Hu PLP 


23 


8 


G 


L 


C 


F 


F 


G 


V 


A 




Hu PLP 


39 


8 


A 


L 


T 


G 


T 


E 


K 


L 




Hu PLP 


40 


8 


L 


T 


G 


T 


E 


K 


L 


I 




Hu PLP 


60 


8 


Y 


L 


l" 


N 


V 


I 


H 


A 




Ms PLP 


64 


8 


V 


I 


H 


A 


F 


Q 


C 


V 




Hu PLP 


64 


8 


V 


I 


H 


A 


F 


Q 


Y 


V 




Hu PLP 


74 


8 


G 


T 


A 


S 


F 


F 


F 


L 




Hu PLP 


80 


8 


F 


L 


Y 


G 


A 


L 


L 


L 




Hu PLP 


93 


8 


T 


T 


G 


A 


V 


R 


Q 


I 




Hu PLP 


106 


8 


T 


T 


I 


C 


G 


K 


G 


L 




Hu PLP 


131 


8 


Q 


A 


H 


S 


L 


E 


R 


V 




Hu PLP 


152 


8 


F 


V 


G 


I 


T 


Y 


A 


L 




Hu PLP 


154 


8 


G 


I 


T 


Y 


A 


L 


T 


V 




Hu PLP 


155 


8 


I 


T 


Y 


A 


L 


T 


V 


V 




Hu PLP 


157 


8 


Y 


A 


L 


T 


V 


V 


W 


L 




Hu PLP 


158 


8 


A 


L 


T 


V 


V 


W 


L 


L 




Hu PLP 


159 


8 


L 


T 


V 


V 


W 


L 


L 


V 




HU PLP 


164 


8 


L 


L 


V 


F 


A 


C 


S 


A 




Hu PLP 


165 


8 


L 


V 


F 


A 


C 


S 


A 


V 




Hu PLP 


167 


8 


F 


A 


C 


S 


A 


V 


P 


V 




Hu PLP 


199 


8 


S 


L 


C 


A 


D 


A 


R 


M 




Hu PLP 


203 


8 


D 


A 


R 


M 


Y 


G 


V 


L 




Hu PLP 


212 


8 


W 


I 


A 


F 


P 


G 


K 


V 




Hu PLP 


218 


8 


K 


V . 


C 


G 


S 


N 


L 


L 




Hu PLP 


224 


8 


L 


L 


S 


I 


c 


K 


T 


A 




Hu PLP 


234 


8 


Q 


M 


T 


F 


H 


L 


F 


I 




Hu PLP 


238 


8 


H 


L 


F 


I 


A 


A 


F 


V 




Hu PLP 


244 


8 


F 


V 


G 


A 


A 


A 


T 


L 




Hu PLP 


247 


8 


A 


A 


A 


T 


L 


V 


S 


L 
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Appendix III 
PLP 8-mers 


Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


Al cinT*i t - Vim 

Score 
(E02) 


Hu PLP 


248 


8 


A 


A 


T 


L 


V 


S 


L 


L 




Hu PLP 


253 


8 


S 


L 


L 


T 


F 


M 


I 


A 




Hu PLP 


254 


8 


L 


L 


T 


F 


M 


I 


A 


A 




HU PLP 


260 


8 


A 


A 


T 


Y 


N 


F 


A 


V 




Hu PLP 


261 


8 


A 


T 


Y 


N 


F 


A 


V 


L 
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Appendix III 
MBP 8-mers 


Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


Algorithm 
Score 
(P02) 


Hu MBP 


14 


8 


Y 


L 


A 


T 


A 


S 


T 


M 




Hu MBP 


34 


8 


D 


T 


6 


I 


L 


D 


S 


I 




Hu MBP 


65 


8 


R 


T 


A 


H 


Y 


G 


s 


L 




MS MBP 


70 


8 


H 


A 


R 


S 


R 


P 


G 


L 




Hu MBP 


79 


8 


R 


T 


Q 


D 


E 


N 


P 


V 




Hu MBP 


86 


8 


V 


V 


H 


P 


F 


K 


N 


I 




Ms MBP 


87 


8 


R 


T 


T 


H 


Y 


G 


S 


L 




Hu MBP 


143 


8 


6 


V 


D 


A 


Q 


G 


T 


L 




Hu MBP 


149 


8 


T 


L 


S 


K 


I 


F 


K 


L 
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Appendix III , 
PLP 9-mers 


Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


9 


Algorithm 
Score 
(E02) 


Hu PLP 


163 


9 


W 


L 


L 


V 


F 


A 


C 


S 


A 


-18.67 


Hu PLP 


205 


9 


R 


M 


y 


G 


V 


L 


P 


W 


I 


-18.79 


Hu PLP 


145 


9 


W 


L 


G 


H 


P 


D 


K 


F 


V 


-19.05 


Hu PLP 


253 


9 


S 


L 


L 


T 


F 


M 


I 


A 


A 


-19.07 


Hu PLP 


251 


9 


L 


V 


S 


L 


L 


T 


F 


M 


I 


-20.03 


Hu PLP 


258 


9 


M 


I • 


A 


A 


T 


Y 


N 


F 


A 


-20.32 


Hu PLP 


80 


9 


F 


L 


Y 


G 


A 


L 


L 


L 


A 


-20.53 


Mb PLP 


205 


9 


R 


M 


Y 


G 


V 


L 


P 


W 


N 


-20.69 


Hu PLP 


64 


9 


V 


I 


H 


A 


F 


Q 


Y 


V 


I 


-20.71 


Hu PLP 


23 


9 


6 


L 


C 


F 


F 


G 


V 


A 


L 


-21.23 


MS PLP 


23 


9 


G 


L 


C 


F 


F 


G 


V 


A 


L 


-21.23 


Ms PLP 


179 


9* 


N 


T 


W 


T 


T 


C 


Q 


S 


I 


-21.24 


Hu PLP 


233 


9 


F 


Q 


M 


T 


F 


H 


L 


F 


I 


-21.25 


Hu PLP 


234 


9 


Q 


M 


T 


F 


H 


L 


F 


I 


A 


-21.29 


Hu PLP 


259 


9 


I 


A 


A 


T 


Y 


N 


F 


A 


V 


-21.32 


Hu PLP 


157 


9 


Y 


A 


L 


T 


V 


V 


W 


L 


L 


-21.51 


Hu PLP 


76 


9 


A 


S 


F 


F 


F 


L 


Y 


G 


A 


-21.52 


Hu PLP 


158 


9 


A 


L 


T 


V 


V 


W 


L 


L 


V 


-21.56 


Hu PLP 


252 


9 


V 


S 


L 


L 


T 


F 


M 


I 


A 


-21.58 


Hu PLP 


237 


9 


F 


H 


L 


F 


I 


A 


A 


F 


V 


-21.61 


MS PLP 


208 


9 


6 


V 


L 


P 


W 


N 


A 


F 


P 


-21.61 


Hu PLP 


164 


9 


L 


L 


V 


F 


A 


C 


S 


A 


V 


-21.81 


Hu PLP 


78 


9 


F 


F 


F 


L 


Y 


G 


A 


L 


L 


-22.05 


Hu PLP 


250 


9 


T 


L 


V 


S 


L 


L 


T 


F 


M 


-22.10 


Hu PLP 


208 


9 


6 


V 


L 


P 


W 


I 


A 


F 


P 


-22.10 


Hu PLP 


39 


9 


A 


L 


T 


G 


T 


E 


K 


L 


I 


-22.13 


Hu PLP 


240 


9 


F 


I 


A 


A 


F 


V 


G 


A 


A 


-22.19 


Hu PLP 


235 


9 


M 


T 


F 


H 


L 


F 


I 


A 


A 


-22.22 


Hu PLP 


244 


9 


F 


V 


G 


A 


A 


A 


T 


L 


V 


-22.22 


Ms PLP 


64 


9 


V 


I 


H 


A 


F 


Q 


C 


V 


I 


-22.33 



WO 94/20127 



PCT/US94/02353 



119 



Appendix III 
PLP 9-mers 


Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


9 


Algorithm 
Score 
(E02) 


Hu PLP 


12 


9 


V 


G 


A 


P 


F 


A 


S 


L 


V 


-22.36 


Hu PLP 


45 


9 


K 


L 


I 


E 


T 


Y 


F 


S 


K 


-22.42 


Hu PLP 


30 


9 


A 


L 


F 


C 


G 


C 


G 


H 


E 


-22.46 


Hu PLP 


9 


9 


R 


C 


L 


V 


G 


A 


P 


F 


A 


-22.52 


Hu PLP 


189 


9 


F 


P 


S 


K 


T 


S 


A 


S 


I 


-22.54 


Hu PLP 


71 


9 


V 


I 


Y 


G 


T 


A 


S 


F 


F 


-22.60 


Hu PLP 


73 


9 


Y 


G 


T 


A 


S 


F 


F 


F 


L 


-22.63 


Hu PLP 


11 


9 


L 


V 


G 


A 


P 


F 


A 


S 


L 


-22.64 


Hu PLP 


86 


9 


L 


L 


A 


E 


G 


F 


Y 


T 


T 


-22.65 


Ms PLP 


63 


9 


N 


V 


I 


H 


A 


F 


Q 


C 


V 


-22.65 


Hu PLP 


212 


9 


W 


I 


A 


F 


P 


G 


K 


V 


C 


-22.67 


Hu PLP 


223 


9 


N 


L 


L 


S 


I 


C 


K 


T 


A 


-22.68 


Hu PLP 


199 


9 


S 


L 


C 


A 


D 


A 


R 


M 


Y 


-22.71 


Hu PLP 


179 


9 


N 


T 


W 


T 


T 


C 


D 


S 


I 


-22.73 


Hu PLP 


201 


9 


C 


A 


D 


A 


R 


M 


Y 


G 


V 


-22.74 


Hu PLP 


112 


9 


6 


L 


S 


A 


T 


V 


T 


G 


G 


-22.78 


Hu PLP 


161 


9 


V 


V 


W 


L 


L 


V 


F 


A 


C 


-22.78 


Hu PLP 


175 


9 


Y 


I 


Y 


F 


N 


T 


W 


T 


T 


-22.81 
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Appendix III 
PLP 9-mers 


Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


9 


J-vJ. y Ul At l»l Jill 

Score 
(E02) 


Hu PLP 


56 


9 


Q 


D 


Y 


E 


Y 


L 


I 


N 


V 


-22.84 


Hu PLP 


241 


9 


I 


A 


A 


F 


V 


G 


A 


A 


A 


-22.87 


Hu PLP 


154 


9 


6 


I 


T 


Y 


A 


L 


T 


V 


V 


-22\89 


Hu' PLP 


257 


9 


F 


M 


I 


A 


A 


T 


Y 


N 


F 


-22.89 


Hu PLP 


196 


9 


S 


I 


G 


S 


L 


C 


A 


D 


A 


-22.90 


Hu PLP 


18 


9 


S 


L 


V 


A 


T 


G 


L 


C 


F 


-22.91 


Hu PLP 


261 


9 


A 


T 


Y 


N 


F 


A 


V 


L 


K 


-23.00 


Hu PLP 


171 


9 


A 


V 


P 


V 


Y 


I 


Y 


F 


N 


-23.05 


Hu PLP 


70 


9 


Y 


V 


I 


Y 


G 


T 


A 


S 


F 


-23.11 


Hu PLP 


22 


9 


T 


G 


L 


C 


F 


F 


G 


V 


A 


-23.12 


HU PLP 


134 


9 


S 


L 


E 


R 


V 


C 


H 


c 


L 


-23.16 


HU PLP 


16 


9 


F 


A 


S 


L 


V 


A 


T 


G 


L 


-23.20 


Hu PLP 


74 


9 


G 


T 


A 


S 


F 


F 


F 


L 


Y 


-23.20 


Hu PLP 


79 


9 


F 


F 


L 


Y 


G 


A 


L 


L 


L 


-23.24 


Hu PLP 


246 


9 


G 


A 


A 


A 


T 


L 


V 


S 


L 


-23.26 


Hu PLP 


181 


9 


W 


T 


T 


C 


D 


S 


I 


A 


F 


-23,27 


Hu PLP 


28 


9 


G 


V 


A 


L 


F 


C 


G 


C 


G 


-23.31 


Hu PLP 


247 


9 


A 


A 


A 


T 


L 


V 


S 


L 


L 


-23.31 


HU PLP 


219 


9 


V 


C 


G 


S 


N 


L 


L 


S 


I 


-23.33 


Hu PLP 


160 


9 


T 


V 


V 


w 


L 


L 


V 


F 


A 


-23.40 


Hu PLP 


54 


9 


N 


Y 


Q 


D 


Y 


E 


Y 


L 


I 


-23.43 


Hu PLP 


107 


9 


T 


I 


c 


G 


K 


G 


L 


S 


A 


-23.45 


Hu PLP 


166 


9 


V 


F 


A 


C 


S 


A 


V 


P 


V 


-23.53 


Hu PLP 


2 


9 


G 


L 


L 


E 


C 


C 


A 


R 


c 


-23.57 


Hu PLP 


167 


9 


F 


A 


C 


S 


A 


V 


P 


V 


Y 


-23.60 


HU PLP 


260 


9 


A 


A 


T 


Y 


N. 


F 


A 


V 


L 


-23.61 


Hu PLP 


152 


9 


F 


V 


G 


I 


T 


Y 


A 


L 


T 


-23.63 


Hu PLP 


187 


9 


I 


A 


F 


P 


S 


K 


T 


S 


A 


-23.64 


HU PLP 


63 


9 


N 


V 


I 


H 


A 


F 


Q 


Y 


V 


-23.65 


Hu PLP 


60 


9 


Y 


L 


I 


N 


V 


I 


H 


A 


F 


-23.66 


Hu PLP 


85 


9 


L 


L 


L 


A 


E 


G 


F 


Y 


T 


-23.66 
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Appendix III 
PLP 9-mers 


Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


9 


Algorithm 
Score 
(E02) 


Ms PLP 


210 


9 


L 


P 


W 


N 


A 


F 


P 


G 


K 


-23.66 


Hu PLP 


198 


9 


G 


S 


L 


C 


A 


D 


A 


R 


M 


-23.67 


Hu PLP 


20 


9 


V 


A 


T 


G 


L 


C 


F 


F 


G 


-23.71 


Hu PLP 


263 


9 


y 


N 


F 


A 


V 


L 


K 


L 


M 


-23.71 


Ms PLP 


209 


9 


V 


L 


P 


W 


N 


A 


F 


P 


G 


-23.71 


Hu PLP 


84 


9 


A 


L 


L 


L 


A 


E 


G 


F 


Y 


-23.73 


Hii PT.P 


206 


9 


M 


Y 


G 


V 


L 


P 


W 


I 


A 


-23.77 


tt, , r»T o 




q 


v 

V 


Q 


I 


T 


Y 


A 


L 


T 


V 


-23.80 


Hu PLP 


269 


9 


K 


L 


M 


G 


R 


G 


T 


K 


F 


-23.92 


Hu PLP 


138 


9 


V 


C 


H 


C 


L 


G 


K 


W 


L 


-23.99 


Hu PLP 


3 


9 


L 


L 


E 


c 


C 


A 


R 


C 


L 


-24.02 


Hu PLP 


92 


9 


Y 


T 


T 


G 


A 


V 


R 


Q 


I 


-24.40 


Hu PLP 


21 


9 


A 


T 


G 


L 


C 


F 


F 


G 


V 


-24.47 


Hu PLP 


192 


9 


K 


T 


S 


A 


S 


I 


G 


S 


L 


-24.74 


Hu PLP 


38 


9 


E 


A 


L 


T 


G 


T 


E 


K 


L 


-25.72 


Hu PLP 


105 


9 


K 


T 


T 


I 


C 


G 


K 


G 


L 


-26.97 
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Appendix III 
MBP 9-mers 


Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


9 


Algorithm 
Score 
(E02) 


Hu MBP 


110 


9 


S 


L 


S 


R 


F 


S 


W 


G 


A 


-21.42 


Hu MBP 


14 


9 


Y 


L 


A 


T 


A 


s 


T 


M 


D 


-22.01 


Ms MBP 


59 


9 


W 


Ii 


K 


Q 


S 


R 


S 


. P 


L 


-22.60 


Hu MBP 


86 


9 


V 


V 


H 


F 


F 


K 


N 


I 


V 


-22.80 


Ms MBP 


52 


9 


R 


G 


S 


G 


K 


V 


P 


W 


L 


-22.87 


Hu MBP 


16 


9 


A 


T 


A 


s 


T 


M 


D 


H 


A 


-23.11 


Hu MBP 


37 


9 


I 


L 


D 


S 


I 


G 


R 


F 


F 


-23.11 


Hu MBP 


108 


9 


G 


L 


s 


L 


s 


R 


F 


s 


W 


-23.34 


Hu MBP 


93 


9 


I 


V 


T 


p 


R 


T 


P 


P 


p 


-23 .41 


Ms MBP 


63 


9 


s 


R 


s 


p 


L 


P 


s 


H 


A 


-23 .47 


Hu MBP 


79 


9 


R 


T 


0 


D 


E 


N 


p 


V 


V 


-23 .49 


Hu MBP 


129 


9 


G 


R 


A 


s 


D 


y 


K 


s 


A 


-23 .53 


Hu MBP 


21 


9 


M 




H 


A 


R 


H 


G 


F 


L 


-23 .60 


Hu MRP 
nu nor 


160 


9 


D 


s 


R 


s 


G 


s 


p 


M 


A 


-23 .63 


Mr MRP 




9 


p 


G 


L 


c 


H 


M 


y 


K 


D 


-23.64 


Hn MRP 

nu KID XT 


112 


9 


s 


R 


F 


s 


W 


G 


A 


E 


G 


-23 .77 


Hu MRP 


162 


9 


R 


s 


G 


s 


p 


M 


A 


R 


R 


-23 . 77 


Hu MRP 

nu 1.1*3 Xr 




9 


R 


D 


s 


R 


s 


G 


s 


p 


M 


-23 . 81 


Hu MBP 


85 


9 


P 


V 


V 


H 


F 


F 


K 


N 


I 


-23.82 


Hu MBP 


136 


9 


S 


A 


H 


K 


G 


F 


K 


G 


V 


-23.90 


Hu MBP 


149 


9 


T 


L 


S 


K 


I 


F 


K 


L 


G 


-23.90 


Ms MBP 


162 


9 


K 


G 


F 


K 


G 


A 


Y 


D 


A 


-23.92 


Hu MBP 


64 


9 


A 


R 


T 


A 


H 


Y 


G 


S 


L 


-23.99 


Ms MBP 


166 


9 


G 


A 


y 


D 


A 


Q 


G 


T 


L 


-24.66 


Hu MBP 


148 


9 


G 


T 


L 


S 


K 


I 


F 


K 


L 


-24.78 


Hu MBP 


145 


9 


D 


A 


Q 


G 


T 


L 


s 


K 


I 


-25.25 
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Appendix III 
PLP 10-mers 



Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Algorithm 
Score 
(E02) 


Mb PLP 


178 


10 


F 


N 


T 


W 


T 


T 


C 


Q 


S 


I 


-24.68 


Hu PLP 


178 


10 


p 


N 


T 


w 


T 


T 


C 


D 


S 


I 


-25.14 


Hu PLP 


204 


10 


A 


R 


M 


Y 


G 


V 


L 


P 


w 


I 


-25.48 


Hu PLP 


163 


10 


w 


L 


L 


V 


F 


A 


C 


S 


A 


V 


-25.66 


Hu PLP 


218 


10 


K 


V 


C 


G 


S 


N 


L 


L 


S 


I 


-25.89 


Hu PLP 


250 


10 


T 


L 


V 


S 


L 


L 


T 


F 


M 


I 


-26.00 


Hu PLP 


19 


10 


L 


V 


A 


T 


G 


L 


C 


F 


F 


G 


-26.25 


Hu PLP 


78 


10 


F 


F 


F 


L 


Y 


G 


A 


L 


L 


L 


-26.68 


Hu PLP 


157 


10 


Y 


A 


L 


T 


V 


V 


W 


L 


L 


V 


-26.72 


Hu PLP 


84 


10 


A 


L 


L 


L 


A 


E 


G 


F 


Y 


T 


-26.77 


Hu PLP 


233 


10 


F 


Q , 


M 


T 


F 


H 


L 


F 


I 


A 


-26.78 


Hu PLP 


80 


10 


F 


L 


Y 


G 


A 


L 


L 


L 


A 


E 


-26.79 


Hu PLP 


167 


10 


F 


A 


C 


S 


A 


V 


P 


V 


Y 


I 


-27.28 


Hu PLP 


165 


10 


L 


V 


F 


A 


C 


S 


A 


V 


P 


V 


-27.32 


Hu PLP 


4 


10 


L 


E 


C 


C 


A 


R 


C 


L 


V 


G 


-27.36 


Hu PLP 


253 


10 


S 


L 


L 


T 


F 


M 


I 


A 


A 


T 


-27.42 


Hu PLP 


135 


10 


L 


E 


R 


V 


C 


H 


C 


L 


G 


K 


-27.48 


Hu PLP 


176, 


10 


I 


Y 


F 


N 


T 


W 


T 


T 


C 


D 


-27.62 


Hu PLP 


24 


10 


L 


C 


F 


F 


G 


V 


A 


L 


F 


C 


-27.74 


Hu PLP 


14 6 


10 


L 


G 


H 


P 


D 


K 


F 


V 


G 


I 


-27.88 


Hu PLP 


237 


10 


F 


H 


L 


F 


I 


A 


A 


F 


V 


G 


-27.95 


Hu PLP 


56 


10 


Q 


D 


Y 


E 


Y 


L 


I 


N 


V 


I 


-27.99 


Ms PLP 


204 


10 


A 


R 


M 


Y 


G 


V 


L 


P 


W 


N 


-28.01 


Hu PLP 


158 


10 


A 


L 


T 


V 


V 


W 


L 


L 


V 


F 


-28.04 


Hu PLP 


137 


10 


R 


V 


C 


H 


C 


L 


G 


K 


W 


L 


-28.15 


Hu PLP 


72 


10 


I 


Y 


G 


T 


A 


S 


F 


F 


F 


L 


-28.16 


Hu PLP 


63 


10 


N 


V 


I 


H 


A 


F 


Q 


Y 


V 


I 


-28.17 


Hu PLP 


208 


10 


6 


V 


L 


P 


W 


I 


A 


F 


P 


G 


^28.17 


Hu PLP 


27 


10 


F 


G 


V 


A 


L 


F 


C 


G 


C 


G 


-28.29 


Hu PLP 


85 


10 


L 


L 


L 


A 


E 


G 


F 


Y 


T 


T 


-28.32 


Ms PLP 


62 


10 


I 


N 


V 


I 


H 


A 


F 


Q 


C 


V 


-28.33 
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] 


ppendix III 
?LP 10-mers 










Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Algorithm 
Score 
(E02) 


Hu PLP 


222 


10 


s 


N 


L 


L 


S 


I 


C 


Jv 


rp 


A 


-28.40 


Hu PLP 


76 


10 


A 


S 


F 


F 


F 


L 


Y 


G 


A 


L 


-28.43 


Ms PLP 


208 


10 


G 


V 


L 


P 


W 


N 


A 


r 


r* 


G 


-28.45 


Hu PLP 


207 


10 


Y 


6 


V 


L 


P 


W 


I 


TV 


T? 


P 


-28.46 


Hu PLP 


79 


10 


F 


F 


L 


Y 


G 


A 


L 


T. 


T, 


A 


-28.49 


Hu PLP 


236 


10 


T 


F 


H 


L 


F 


I 


A 


TV 


r 


V 


-28.50 


Hu PLP 


240 


10 


F 


I 


A 


A 


F 


V 


G 


A 


A 


A 


-28.51 


Hu PLP 


181 


10 


W 


T 


T 


c 


D 


s 


I 


A 


F 


p 


-28.56 


Hu PLP 


224 


10 


L 


L 


s 


I 


c 


K 


T 


A 


E 


F 


-28.56 


Hu PLP 


10 


10 


C 


L 


V 


G 


A 


P 


F 


A 


S 


L 


-28.62 


Hu PLP 


152 


10 


F 


V 


G 


I 


T 


Y 


A 


L 


T 


V 


-28.64 


Hu PLP 


62 


10 


I 


N 


V 


I 


H 


A 


F 


O 


Y 


V 


-28.64 


Hu PLP 


214 


10 


A 


F 


P 


G 


K 


V 


C 


G 


S 


N 


-28.65 


Hu PLP 


188 


10 


A 


F 


P 


S 


K 


T 


S 


A 


S - 


I 


-28.65 


Hu PLP 


99 


10 


Q 


I 


F 


G 


D 


Y 


K 


T 


T 


I 


-28.69 


HU PLP 


18 


10 


S 


L 


V 


A 


T 


G 


L 


C 


F 


F 


-28.73 


Hu PLP 


3 


10 


L 


L 


E 


C 


C 


A 


R 


C 


L 


V 


-28.75 
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Appendix III 
PLP 10-mers 




Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Algorithm 
Score 
(E02) 


Un PT.P 


1 7 

x / 


10 


A 


s 


L 


V 


A 


T 


G 


L 


C 


F 


_ o q n a 


Hu PLP 


144 


10 


K 


W 


L 


G 


H 


P 


D 


K 


F 


V 


- . / o 


Ms PLP 


181 


10 


w 


T 


T 


C 


Q 


S 


I 


A 


F 


P 


-28 „ 78 


Hu PLP 


159 


10 


L 


T 


V 


V 


W 


L 


L 


V 


F 


A 


-28 .79 


Hu PLP 


174 


10 


V 


Y 


I 


Y 


F 


N 


T 


W 


T 


T 


-28.80 


Hti PT.P 


248 


10 


A 


A 


T 


L 


V 


S 


L 


L 


T 


F 


-28 .84 


nU xrJUir 




X. U 




jj 


Q 


F 


F 


G 


V 


A 


L 


F 


-28 . 87 


Hu PLP 


209 


10 


V 


T 
Jj 


r* 


TJ 
W 


T 

X 


TV 


T? 
r 


p 

Xf 


ri 

VJ 


IT 
XV 


- OQ Q*7 

- z o . o / 


Hu PLP 


29 


10 


V 


A 


T 






r» 

VJ 




r* 

VJ 


u 


x£ 


-28.90 


Hu PLP 


261 


10 


A 


T 


\r 
X 




T? 
r 


TV 

A 


V 


T 

1j 




T 

Xj 


-28.92 


MS PLP 


63 


10 


N 


V 


X 


H 


TV 

A 


r 


V 


L. 


TT 

V 


T 

J. 


-28.93 


Hu PLP 


74 


10 


G 


T 


A 




t? 

r 


T? 

r 


r 


T 

Xj 


v 

X 


r* 

w 


-28.93 


Hu PLP 


259 


10 


X 


A 


TV 

A 


rp 


X 


vr 
at 


P 


TV 
Jrl 


V 


T. 

Xj - 


-29 .06 


Hu PLP 


242 


10 


A 


TV 

A 


r 


TT 
V 


r* 


JH 


A 
JH 


A 
Jri 


T 


Xj 


-29 . 24 


Hu PLP 


2 


10 


G 


T 

Xj 


T 

Xj 


T? 

£> 


r* 


p 

w 


TV 
J>1 


XV 


p 


T, 
Xj 


- 23 . 30 


Hu PLP 


257 


10 


F 


M 


I 


TV 
A 


TV 

A 


rp 


X 




r 


TV 

A 


-29 .37 


Hu PLP 


20 


10 


V 


A 


rp 

1 




T 

Xj 


r» 


P 


P 


r; 


V 

V 


-29 .41 


Ms PLP 


205 


10 


R 


M 


v 
X 


\J 


TT 
V 


T. 


±r 


TJ 


it 


A 
Jrl 


-29.43 


Hu PLP 


155 


10 


I 


T 


\r 
X 


TV 

A 


T 

Xj 


rp 

X 


V 


tt 
V 


TJ 


T 

Xj 


-29 . 60 


Hu PLP 


30 


10 


A 


L 


F 


c 




f~* 




TT 

n 


x£ 


TV 

A 


-2? . 70 


Hu PLP 


205 


10 


R 


M 


Y 


G 


V 


T 


TT 

ir 




i. 


TV 

A 


-29 . 74 


Hu PLP 


258 


10 


M 


I 


A 


A 


T 


Y 


N 


F 


A 


V 


-30 .06 


Hu PLP 


234 


10 


Q 


M 


T 


F 


H 


L 


F 


I 


A 


A 


-30 .29 


Hu PLP 


238 


10 


H 


L 


F 


I 


A 


A 


F 


V 


G 


A 


-30.64 


Hu PLP 


246 


10 


G 


A 


A 


A 


T 


L 


V 


S 


L 


L 


-30.64 . 


Hu PLP 


38 


10 


E 


A 


L 


T 


G 


T 


E 


K 


L 


I 


-30.92 


Hu PLP 


230 


10 


T 


A 


E 


F 


Q 


M 


T 


F 


H 


L 


-31.03 


Hu PLP 


11 


10 


L 


V 


G 


A 


P 


F 


A 


S 


L 


V 


-31.25 


Hu PLP 


201 


10 


C 


A 


D 


A 


R 


M 


Y 


G 


V 


L 


-31.73 
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Appendix III 
PLP 11-mers 


Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


Algorithm 
Score 
(E02) 


Hu PLP 


2 


11 


G 


L 


L 


E 


C 




A 


R 


C 


L 


V 




Hu PLP 


10 


11 


c 


L 


V 


G 


A 


P 


F 


A 


s 


L 


V 




Hu PLP 


19 


11 


L 


V 


A 


T 


G 


L 


c 


F 


F 


G 


V 




Hu PLP 


21 


11 


A 


T 


G 


L 


c 


F 


F 


G 


V 


A 


L 




Hu PLP 


30 


11 


A 


L 


F 


c 


G 


C 


G 


H 


E 


A 


L 




Hu PLP 


61 


11 


L 


I 


N 


V 


I 


H 


A 


F 


Q 


Y 


V 




Ms PLP 


61 


11 


L 


I 


N 


V 


I 


H 


A 


F 


Q 


c 


V 




flu XrJ-Bir 


71 

/ X 


11 


v 


I 


y 


G 


T 


A 


s 


F 


F 


F 


L 




Wi i PT.P 
fill flilr 


/ 3 


XX 


X 


A 


e 




F 


F 




y 


G 


A 


L 




Hn PT.P 


O D 






L 


A 




<3 


F 


y 


T 


T 


G 


A 




Wi t PT.P 


A7 


11 

XX 


T. 
XI 




E 




F 


y 


T 


T 


G 


A 


V 




Hi i PT.P 
flu Jrltir 


1 07 


XX 


X 


T 
X 


r 


VJ 


K 




x, 


s 


A 


T 


v 




Wi i PT.P 
flu fLtir 




X X 


W 


T, 
XI 


w 


w 

<Ti 


p 

IT 


D 




F 


v 


G 


I 




Wit PT.P 
flu irJUJr 


13/ 


X X 


F 
c 


V 


r* 
yj 


T 
X 


T 

j. 


Y 

X 


A 


L 


T 


V 


V 




Wit PT.P 
flu fJjJr 




X X 


ft 


T 
X 


X 


X 




T, 

XJ 


T 


v 


v 


W 


L 




Wit PT.P 
flu clur 


133 


1 1 
XX 


T 
X 




Y 




T. 
Xi 


T 

X 




v 


W 


L 


L 




Hn PT.P 
xiu rur 


X JO 


11 

X X 


A 


T. 
XJ 


X 


v 


v 


w 


I, 


L 


v 


F 


A 




Hu PT.P 
XlU c ±jir 




11 


L 


Jj 


v 


F 


A 


c 


s 


A 


v 


p 


V 




Hn PT.P 

flU f J-iZr 


187 


11 


I 


A 


F 


p 


s 


K 


T 


s 


A 


s 


I 




Hn PT.P 

flU trJLttr 


199 


11 


s 


L 


Q 


A 




A 


R 


M 


y 


G 


V 




Hu PLP 


203 


11 




A 


R 


M 


y 


G 


V 


L 


p 


W 


I 




Hu PLP 


209 


11 


v 


L 


p 


W 


I 


A 


F 


p 


G 


K 


V 




MS PLP 


209 


11 


V 


L 


P 


W 


N 


A 


F 


P 


G 


K 


V 




Hu PLP 


229 


11 


K 


T 


A 


E 


F 


Q 


M 


T 


F 


H 


L 




Hu PLP 


235 


11 


M 


T 


F 


H 


L 


F 


I 


A 


A 


F 


V 




Hu PLP 


238 


11 


H 


L 


F 


I 


A 


A 


F 


V 


G 


A 


A 




Hu PLP 


241 


11 


I 


A 


A 


F 


V 


G 


A 


A 


A 


T 


L- 




Hu PLP 


242 


11 


A 


A 


F 


V 


G 


A 


A 


A 


T 


L 


V 




Hu PLP 


244 


11 


F 


V 


G 


A 


A 


A 


T 


L 


V 


S 


L 




Hu PLP 


249 


11 


A 


T 


L 


V 


S 


L 


L 


T 


F 


M 


I 
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Appendix III 
PLP 11-mers 


Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


Algorithm 
Score 
(E02) 


Hu PLP 


250 


11 


T 


L 


V 


S 


L 


L 


T 


F 


M 


I 


A 




Hu PLP 


257 


11 


F 


M 


I 


A 


A 


T 


Y 


N 


F 


A 


V 




Hu PLP 


258 


11 


M 


I 


A 


A 


T 


Y 


N 


F 


A 


V 


L 




H\i PLP 


260 


. 11 


A 


A 


T 


Y 


N 


F 


A 


V 


L 


K 


L 
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Appendix III 
MBP 10-mers 








Source 


Peptide 


AA 


1 


2 


3 


•4 


5 


6 


7 


8 


9 


10 


Algorithm 
Score 
(E02) 


Hu MBP 


37 


10 


I 


L 


D 


S 


I 


G 


R 


F 


F 


G 


-27.66 


Hu MBP 


28 


10 


F 


L 


P 


R 


H 


R 


D 


T 


G 


I 


-27.85 


Ms MBP 


167 


10 


A 


Y 


D 


A 


Q 


G 


T 


L 


S 


K 


-28.54 


Hu MBP 


89 


10 


F 


F 


K 


N 


I 


V 


T 


P 


R 


T 


-28.68 


Hu MBP 


14 


10 


y 


L 


A 


T 


A 


S 


T 


M 


D 


H 


-28.75 


Hu MBP 


84 


10 


N 


P 


V 


V 


H 


F 


F 


K 


N 


I 


-28.80 


Hu MBP 


32 


10 


H 


R 


D 


T 


G 


I 


L 


D 


S 


I 


-28.83 


Hu MBP 


110 


10 


S 


L 


S 


R 


F 


S 


W 


G 


A 


E 


-28.98 


Hu MBP 


85 


10 


P 


V 


V 


H 


F 


F 


K 


N 


I 


V 


-30.82 


Ms MBP 


85 


10 


H 


T 


R 


T 


T 


H 


Y 


G 


S 


L 


-31.29 


Hu MBP 


20 


10 


T 


M 


D 


H 


A 


R 


H 


G 


F 


L 


-31.40 


Hu MBP 


63 


10 


P 


A 


R 


T 


A 


H 


Y 


G 


S 


L 


-31.76 


MS MBP 


48 


10 


6 


A 


P 


K 


R 


G 


S 


G 


K 


V 


-32.21 
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Appendix III 
MBP ll-mers 


Source 


Peptide 


AA 


1 


2 


3 


4 


5 


S 


7 


8 


3 


10 


11 


Algorithm 
Score 
(E02) 


Hu MBP 


14 


11 


Y 


L 


A 


T 


A 


s 


T 


M 


D 


H 


A 




Hu MBP 


19 


11 


S 


T 


M 


D 


H 


A 


R 


H 


G 


F 


L 




Hu MBP 


28 


11 


F 


L 


P 


R 


H 


R 


D 


T 


G 


I . 


L 




Hu MBP 


108 


11 


G 


L 


S 


L 


S 


R 


F 


S 


W 


G 


A 




Hu MBP 


143 


11 


6 


V 


D 


A 


Q 


6 


T 


L 


s 


K 


I 





WO 94/20127 



PCT/US94/02353 



130 

WHAT IS CLAIMED IS : 

1. A composition comprising an immunogenic peptide 
having an HLA-A2.1 binding motif, which immunogenic peptide 

5 has 9 residues and the following residues: 

a first conserved residue at the second position 
from the N- terminus selected from the group consisting of I, 
V, A and T; 

a second conserved residue at the C- terminal 
10 position selected from the group consisting of V, L, I, A and 
M. 

2. A composition comprising an immunogenic peptide 
having an HLA-A2.1 binding motif, which immunogenic peptide 

15 has 9 residues: 

a first conserved residue at the second position 
from the N- terminus selected from the group consisting of L, 
M f I, V, A and T; 

a second conserved residue at the C- terminal 
20 position selected from the group consisting. of A and M; 

3- The composition of claim 1, wherein the amino 
acid at position 1 is not an amino acid selected from the 
group consisting of D, and P. 

25 

4. The composition of claim 2, wherein the amino 
acid at position l is not an amino acid selected from the 
group consisting of D, and P. 

30 5. The composition of claim 1, wherein the amino 

acid at position 3 from the N- terminus is not an amino acid 
selected from the group consisting of D, E, R, K and H. 

6. The composition of claim 2, wherein the amino 
35 acid at position 3 from the N- terminus is not an amino acid 
selected from the group consisting of D, E, R, K and H 
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7. The composition of claim 1, wherein the amino 
acid at position 6 from the N- terminus is not an amino acid 
selected from the group consisting of R, K and H. 

5 8. The composition of claim 2, wherein the amino 

acid at position 6 from the N- terminus is not an amino acid 
selected from the group consisting of R, K and H. 

9. The composition of claim 1, wherein the amino 
10 acid at position 7 from the N- terminus is not an amino acid 

selected from the group consisting of R, K, H, D and E. 

10. The composition of. claim 2, wherein the amino 
acid at position 7 from the N- terminus is not an amino acid 

15 selected from the group consisting of R, K, H, D and E. 

11. A composition comprising an immunogenic peptide 
having an HLA-A2.1 binding motif, which immunogenic peptide 
has about 10 residues: 

20 a first conserved residue at the second position 

from the N- terminus selected from the group consisting of L, 
M, I, V, A, and T; and 

a second conserved residue at the C- terminal 
position selected from the group consisting of V, I, L, A and 

25 M; 

wherein the first and second conserved residues are 
separated by 7 residues. 

12. The composition of claim 11, wherein the amino 
30 acid at position 1 is not an amino acid selected from the 

group consisting of D, E and P. 

13. The composition of claim 11, wherein the amino 
acid at position 3 from the N- terminus is not an amino acid 

35 selected from the group consisting of D and E. 
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14. The composition of claim 11 , wherein the amino 
acid at position 4 from the N- terminus is not an amino acid 
selected from the group consisting of A, K f R and H. 

5 15. The composition of claim 11 , wherein the amino 

acid at positon 5 from the N- terminus is not P. 

16. The composition of claim 11, wherein the amino 
acid at position 7 from the N- terminus is not an amino acid 

10 selected from the group consisting of R, K and H. 

17. The composition of claim 11, wherein the amino 
acid at position 8 from the N- terminus is not an amino acid 
selected from the group consisting of D, E, R, K and H. 

15 

18. The composition of claim 11, wherein the amino 
acid at position 9 from the N- terminus is not an amino acid 
selected from the group consisting of R, K and H. 

20 19. A pharmaceutical composition comprising a 

pahramceutically acceptable carrier and a therapeutically 
effective amount of a peptide capable of binding an HLA-A2.1 
moelcule and inducing an immune response in a mammal. 

25 20. The pharmaceutical composition of claim 19, 

wherein the peptide has a formula as follows: TLGIVCPI. 

21. The pharamceutical composition of claim 19, 
further comprising a peptide having a formula as follows: 

30 YMLDLQPETT. 

22. The pharmaceutical composition of claim 19, 
further comprising a T helper peptide. 

35 23. The pharmaceutical composition of claim 22, 

wherein the T helper peptide has a formula as follows: 
aKXVAAWTLKAAa , wherein a is D- alanine and X is 
cyclohexylalanine. 
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HLA BINDING PEPTI DES AND THEIR USES 
The present application is a continuation in part of 
USSN 08/027,746 which is a continuation in part of USSN 
07/926,666, which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to compositions and 
methods for preventing, treating or diagnosing a number of 
pathological states such as viral diseases and cancers. In 
particular, it provides novel peptides capable of binding 
selected major histocompatibility complex (MHC) molecules and 
inducing an immune response. 

MHC molecules are classified as either Class I or 
Class II molecules. Class II MHC molecules are expressed 
primarily on cells involved in initiating and sustaining 
immune responses, such as T lymphocytes, B lymphocytes, 
macrophages, etc. Class II MHC molecules are recognized by 
helper T lymphocytes and induce proliferation of helper T 
lymphocytes and amplification of the immune response to the 
particular immunogenic peptide that is displayed. Class I MHC 
molecules are expressed on almost all nucleated cells and are 
recognized by cytotoxic T lymphocytes (CTLs) , which then 
destroy the antigen-bearing cells. CTLs are particularly 
important in tumor rejection and in fighting viral infections. 
The CTL recognizes the antigen in the form of a peptide 
fragment bound to the MHC class I molecules rather than the 
intact foreign antigen itself. The antigen must normally be 
endogenously synthesized by the cell, and a portion of the 
protein antigen is degraded into small peptide fragments in 
the cytoplasm. Some of these small peptides translocate into 
a pre-Golgi compartment and interact with class I heavy chains 
to facilitate proper folding and association with the subunit 
B2 microglobulin. The peptide-MHC class I complex is then 
routed to the cell surface for expression and potential 
recognition by specific CTLs. 
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Investigations of the crystal structure of the human 
MHC class I molecule, HLA-A2.1, indicate that a peptide 
binding groove is created by the folding of the al and a2 
domains of the class I heavy chain (Bjorkman et al. , Nature 
5 329:506 ( 1987) • In these investigations, however, the 

identity of peptides bound to the groove was not determined. 

Buus et al., Science 242:1065 (1988) first described 
a method for acid elution of bound peptides from MHC. 
Subsequently, Rammensee and his coworkers (Fa lk et al., Nature 

10 351:290 (1991) have developed an approach to characterize 
naturally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 
acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 

15 eluted from class I molecules of the B type (Jardetzky, et 
al., Nature 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al., Science 225:1261 (1992). A review 
of the characterization of naturally processed peptides in MHC 
Class I has been presented by RStzschke and Falk (Rdtzschke 

20 and Falk, IlH™ 1 ? 01 t Today 12:447 (1991). 

Sette et al., Proc. Natl. Acad. Sci, USA 86:3296 
(1989) showed that MHC allele specific motifs could be used to 
predict MHC binding capacity. Schaeffer et al., Proc. Natl. 
Acad. Sci. USA 86:4649 (1989) showed that MHC binding was 

25 related to immunogenicity . Several authors (De Bruijn et al., 
Eur. J. Immunol.. 21:2963-2970 (1991); Pamer et al., 991 
Nature 353:852-955 (1991)) have provided preliminary evidence 
that class I binding motifs can be applied to the 
identification of potential immunogenic peptides in animal 

30 models. Class I motifs specific for a number of human alleles 
of a given class I isotype have yet to be described. It is 
desirable that the combined frequencies of these different 
alleles should be high enough to cover a large fraction or 
perhaps the majority of the human outbred population. 

35 Despite the developments in the art, the prior art 

has yet to provide a useful human peptide-based vaccine or 
therapeutic agent based on this work. The present invention 
provides these and other advantages. 
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SUMMARY OF THE INVENTION 
The present invention provides compositions 
comprising immunogenic peptides having binding motifs for MHC 
Class I molecules. The immunogenic peptides are typically 
5 between about 8 and about 11 residues and comprise conserved 
residues involved in binding proteins encoded by the 
appropriate MHC allele. A number of allele specific motifs 
have been identified. 

For instance, the motif for HLA-A3.2 comprises from 
10 the N-terminus to C-terminus a first conserved residue of L, 
M, I, V, s, A, T and F at position 2 and a second conserved 
residue of K, R or Y at the C-terminal end. Other first 
conserved residues are C, G or D and alternatively E. Other 
second conserved residues are H or F. The first and second 
15 conserved residues are preferably separated by 6 to 7 
residues. 

The motif for HLA-A1 comprises from the N-terminus 
to the C-terminus a first conserved residue of T, S or M, a 
second conserved residue of D or E, and a third conserved 

20 residue of Y. Other second conserved residues are A, S or T. 
The first and second conserved residues are adjacent and are 
preferably separated from the third conserved residue by 6 to 
7 residues. A second motif consists of a first conserved 
residue of E or D and a second conserved residue of Y where 

25 the first and second conserved residues are separated by 5 to 

6 residues. 

The motif for HLA-A11 comprises from the N-terminus 
to the C-terminus a first conserved residue of T or V at 
position 2 and a C-terminal conserved residue of K. The first 
30 and second conserved residues are preferably separated by 6 or 

7 residues. 

The motif for HLA-A24.1 comprises from the N- 
terminus to the C-terminus a first conserved residue of Y, F 
or W at position 2 and a C terminal conserved residue of F, I, 
35 W, M or L. The first and second conserved residues are 
preferably separated by 6 to 7 residues. 

Epitopes on a number of potential target proteins 
can be identified in this manner. Examples of suitable 
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antigens include prostate specific antigen (PSA) , hepatitis B 
core and surface antigens (HBVc, HBVs) hepatitis C antigens, 
malignant melanoma antigen (MAGE-1) Epstein-Barr virus 
antigens, human immunodeficiency type-l virus (HIVl) and 
papilloma virus antigens. The peptides are thus useful in 
pharmaceutical compositions for both in vivo and ex vivo 
therapeutic and diagnostic applications. 

Definitions 

The term "peptide" is used interchangeably with 
"oligopeptide" in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha-amino 
and carbonyl groups of adjacent amino acids. The 
15 oligopeptides of the invention are less than about 15 residues 
in length and usually consist of between about 8 and about 11 
residues, preferably 9 or 10 residues. 

An "immunogenic peptide" is a peptide which 
comprises an allele-specif ic motif such that the peptide will 
20 bind the MHC allele and be capable of inducing a CTL response. 
Thus, immunogenic peptides are capable of binding to an 
appropriate class I MHC molecule and inducing a cytotoxic T 
cell response against the antigen from which the immunogenic 
peptide is derived. 

25 A "conserved residue" is an amino acid which occurs 

in a significantly higher frequency than would be expected by 
random distribution at a particular position in a peptide 
motif. Typically a conserved residue is one at which the 
immunogenic peptide may provide a contact point with the MHC 

30 molecule. One to three, preferably two, conserved residues 
within a peptide of defined length defines a motif for an 
immunogenic peptide. These residues are typically in close 
contact with the peptide binding groove, with their side 
chains buried in specif ic" pockets of the groove itself. 

35 Typically, an immunogenic peptide will comprise up to three 
conserved residues, more usually two conserved residues. 

As used herein, "negative binding residues" are 
amino acids which if present at certain positions will result 
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in a peptide being a nonbinder or poor binder and in turn fail 
to induce a CTL response despite the presence of the 
appropriate conserved residues within the peptide. 

The term "motif" refers to the pattern of residues 
5 in a peptide of defined length, usually about 8 to about 11 
amino acids, which is recognized by a particular MHC allele. 
The peptide motifs are typically different for each human MHC 
allele and differ in the pattern of the highly conserved 
residues . 

0 The binding motif for an allele can be defined with 

increasing degrees of precision. In one case, all of the 
conserved residues are present in the correct positions in a 
peptide and there are no negative binding residues present. 

The phrases "isolated" or "biologically pure" refer 

5 to material which is substantially or essentially free from 
components which normally accompany it as found in its native 
state. Thus, the peptides of this invention do not contain 
materials normally associated with their in situ environment, 
e.g., MHC I molecules on antigen presenting cells. Even where 

0 a protein has been isolated to a homogenous or dominant band, 
there are trace contaminants in the range of 5-10% of native 
protein which co-purify with the desired protein. Isolated 
peptides of this invention do not contain such endogenous co- 
purified protein. 

5 The term "residue" refers to an amino acid or amino 

acid mimetic incorporated in an oligopeptide by an amide bond 
or amide bond mimetic. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig, 1 is a flow diagram of an HLA-A pur if ication 

scheme. 

5 Fig. 2 is an SDS-PAGE analysis of affinity purified. 

HLA-A3.2 from the cell line EHM using an affinity column 
prepared with the mAb GAP A3 coupled to protein A-Sepharose. 
Lane 1 - Molecular weight standards. 
Lane 2 - A3 .2 acid eluate 
10 Lane 3 - A3. 2 a second acid eluate 

Lane 4 - Base elution #1 
Lane 5 - Base elution #2 
Lane 6 - Concentrated base elution 1 
Lane 7 - Concentrated base elution 2 
15 Lane 8 - BSA - 10 fig 

Lane 9 - BSA - 3 fig 
Lane 10 - BSA - 1 fig 

Fig. 3 shows reverse phase high performance liquid 
chromatography (RP-HPLC) separation of HLA-A3 acid eluted 
20 peptides. 

Fig. 4 shows binding of a radioactiyely labeled 
peptide of the invention to MHC molecules as measured by the % 
bound radioactivity . 

Fig. 5 shows inhibition of binding of a peptide of 
25 the invention to MHC molecules in the presence of three 

peptides [HBc 18-27 (924.07), a Prostate Specif ic Antigen 
peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on MHC 
concentration in the presence or absence of & 2 microglobulin. 
30 Fig. 7 shows dose dependent inhibition of binding 

with the addition of unlabeled peptide. 

Fig. 8 Scatchard Analysis of binding to MHC All 
confirming an apparent K D of 6nM. 

Fig. 9 shows the binding of a radioactively labeled 
35 peptide of the invention to MHC Al as measured by % bound 
reactivity. 

Fig. 10 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 
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Fig. 11 Scatchard Analysis of binding to HHC Al 
confirming an apparent K D of 2lnM. 

Fig* 12 shows the binding of two peptides of this 
invention as a function of MHC A24 concentration as measured 
5 by % bound reactivity. 

Fig. 13 shows the dose dependent inhibition of 
binding to HHC A24 with the addition of unlabeled peptides. 

Figs. 14(a) and 14(b) show the Scatchard Analysis of 
binding to MHC A24 of the two peptides confirming a K D of 30 
10 and 60nM, respectively. 

Fig. 15 shows the effect on MHC class 1 molecules of 
^microglobulin and a peptide of choice on acid-stripped PHA 
blasts • 

Fig. 16 shows CTL induction using GC43 A2.1 
15 responders and autologous acid-stripped PBMCs or PHA blasts 
loaded with the 777.03-924.07-927.32 peptide pool. 

Fig. 17 shows CTL induction using X351 or X355 A2.1 
responders and autologous acid stripped PBMCs or PHA blasts as 
stimulators after loading with the 1044.04-1044.05-1044.06 
20 peptide pool. 

Fig. 18 shows CTL induction using GC49 A2.1 
responders and Autologous Acid stripped PHA blasts as 
stimulators after loading with 939.03 peptide. 

Fig. 19 shows CTL induction using 6C66 Al responders 
25 and autologous acid stripped PBMCs as stimulators after 
loading of peptide 938.01. 

Fig. 20 illustrates the lysis of peptide sensitized 
targets and endogenous targets following stimulation with SAC- 
I activated PBMCs loaded with a MAGE 3 peptide. 
30 Fig. 21 shows a comparison of the acid strip loading 

with the cold temperature incubation. 

Fig. 22 shows a CTL response to an immunogenic 
peptide for MAGE/ All. 

Fig. 23 shows a CTL response to an immunogenic 
35 peptide for HIV/ A3. 

Fig. 24 shows a CTL response to an immunogenic 
peptide for HCV/A3. 
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Fig, 25 shows a CTL response -to an immunogenic 
peptide for HBV/A1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 The present invention relates to the determination 

of allele-specif ic peptide motifs for human Class I MHC 
(sometimes referred to as HLA) allele subtypes. These motifs 
are then used to define T cell epitopes from any desired 
antigen, particularly those associated with human viral 

10 diseases or cancers, for which the amino acid sequence of the 
potential antigen targets is known. 

Epitopes on a number of potential target proteins 
can be identified in this manner. Examples of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B 

15 core and surface antigens (HBVc, HBVs) hepatitis C antigens, 

Epstein-Barr virus antigens, melanoma antigens (e.g., MAGE-1) , 
human immunodeficiency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. 

Peptides comprising these epitopes are synthesized 

20 and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for example, purified class I 
molecules and radioiodinated peptides and/ or cells expressing 
empty class I molecules by, for instance, immunof luorescent 
staining and flow microf luorimetry, peptide-dependent class I 

25 assembly assays, and inhibition of CTL recognition by peptide 
competition. Those peptides that bind to the class I molecule 
are further evaluated for their ability to serve as targets 
for CTLs derived from infected or immunized individuals, as 
well as for their capacity to induce primary in vitro or in 

30 vivo CTL responses that can give rise to CTL populations 
capable of reacting with virally infected target cells or 
tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HLA- A, 
B, and C loci. HLA-A and B antigens are expressed at the cell 

35 surface at approximately equal densities, whereas the 

expression of HLA-C is significantly lower (perhaps as much as 
10-fold lower). Each of these loci have a number of alleles. 
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15 



The peptide binding motifs of the invention are relatively 
specific for each allelic subtype. 

For peptide-based vaccines, the peptides of the 
present invention preferably comprise a motif recognized by an 
MHC I molecule having a wide distribution in the human 
population, since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice of target MHC allele may depend upon the target 
population. Table l shows the frequency of various alleles at 
the HLA-A locus products among different races. For instance, 
the majority of the Caucasoid population can be covered by 
peptides which bind to four HLA-A allele subtypes, 
specifically HLA-A2.1, Al, A3. 2, and A24.1. Similarly, the 
majority of the Asian population is encompassed with the 
addition of peptides binding to a fifth allele HLA-A11.2. 
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TABLE 1 



A Allele /Subtype Nf691* 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Al 

A2.1 
A2.2 
A2.3 
A2.4 
A2.5 
A3.1 
A3. 2 
All.l 
All. 2 
All. 3 
A23 
A24 
A24.2 
A24.3 
A25 
A26.1 
A26.2 
A26V 
A28.1 
A28.2 
A29.1 
A29.2 
A30.1 
A30.2 
A30.3 
A31 
A3 2 
AW33.1 
AW33.2 
AW34.1 
AW34 . 2 
Aw36 



10.1 
11.5 
10.1 
1.4 



1.4 

5.7 
0 

5.7 
0 

4.3 
2.9 



1.4 
4.3 
7.2 

10.1 
1.4 
1.4 

10.1 
8.6 
1.4 
7.2 
4.3 
2.8 
8.6 
2.8 
1.4 

14.5 
5.9 



10) 
4) 



A(54) 

1.8(1) 
37.0(20) 
0 

5.5(3) 



27.4 
39.8 
3.3 
0.8 



0 


0.2 


(0) 


5.5(3) 


21.5 


'108) 


5.5(3) 


0 


31.4(17) 


8.7 


[44) 


3.7(2) 


0 




3.9 


(20) 


27.7(15) 
- 


15.3 


'77) 




6.9 


[35) 


9.2(5) 


5.9 


[30) 




1.0 


[5) 


3.7(2) 






1.6 


(8) 




7.5 


[38) 




1.4 


[7) 


1.8(1) 


5.3 


[27) 




4.9 


[25) 




0.2 


(1) 




3.9 


[20) 


7.4(4) 


6.9 


(35) 




7.1 


(36) 




2.5 


(13) 


16.6(9) 


1.2 


(6) 




0.8(4) 



138) 
199) 
17) 
4) 



Table compiled from B. DuPont, iT ip^p^Holocrv of hta. vol, 
I, Histocompatibility Testing 1987 , Springer-Verlag, Mew York 
1989, 

* M - negroid; A = Asian; C = caucasoid. Numbers in 

parenthesis represent the number of individuals included in 
the analysis. 

The nomenclature used to describe peptide compounds 
follows the conventional practice wherein the amino group is 
presented to the left (the N-terminus) and the carboxyl group 
to the right (the C-terminus) of each amino acid residue. In 
the formulae representing selected specific embodiments of the 
present invention, the amino- and carboxyl-terminal groups , , 
although not specifically shown, are in the form they would 
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assume at physiologic pH values, unless otherwise specified. 
In the amino acid structure formulae, each residue is 
generally represented by standard three letter or single 
letter designations. The L-form of an amino acid residue is 
5 represented by a capital single letter or a capital first 
letter of a three-letter symbol, and the D-form for those 
amino acids is represented by a lower case single letter or a 
lower case three letter symbol. Glycine has no asymmetric 
carbon atom and is simply referred to as n 61y N or G. 

10 The procedures used to identify peptides of the 

present invention generally follow the methods disclosed in 
Falk et al., Nature 351:290 (1991), which is incorporated 
herein by reference. Briefly, the methods involve large-scale 
isolation of MHC class I molecules, typically by 

15 immunoprecipitation or affinity chromatography, from the 

appropriate cell or cell line. Examples of other methods for 
isolation of the desired MHC molecule equally well known to 
the artisan include ion exchange chromatography, lectin 
chromatography, size exclusion, high performance ligand 

20 chromatography, and a combination of all of the above 
techniques. 

A large number of cells with defined MHC molecules, 
particularly MHC Class I molecules, are known and readily 
available. For example, human EBV- transformed B cell lines 

25 have been shown to be excellent sources for the preparative 
isolation of class I and class II MHC molecules. 
Well-characterized cell lines are available from private and 
commercial sources, such as American Type Culture Collection 
("Catalogue of Cell Lines and Hybr idomas , 19 6th edition (1988) 

30 Rockyille, Maryland, U.S.A.); National Institute of General 

Medical Sciences 1990/1991 Catalog of Cell Lines (NI6MS) Human 
Genetic Mutant Cell Repository, Camden, NJ; and ASHI 
Repository, Bingham and Women's Hospital, 75 Francis Street, 
Boston, MA 02115. Table 2 lists some B cell lines suitable 

35 for use as sources for HLA-A alleles. All of these cell lines 
can be grown in large batches and are therefore useful for 
large scale production of MHC molecules. One of skill will 
recognize that these are merely exemplary cell lines and that 
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many other cell sources can be employed. Similar EBV B cell 
lines homozygous for HLA-B and HLA-C could serve as sources 
for HLA-B and HLA-C alleles, respectively. 
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TABLE 2 

HUMAN CELL LINES (HLA-A SOURCES) 



HLA-A allele B cell line 

Al ~~ MAT 

COX (9022) 

STEINLIN 

(9087) 



A2.1 JY 



A3. 2 EHM (9080) 

HO301 ( 9055 )GM3 107 



A24.1 KT3(9107) ,TISI (9042) 



All BVR (GM6828A) 

WT100 (GM8602) ,WT52 
(GM8603) 



In the typical case, immunoprecipitation is used to 
isolate the desired allele. A number of protocols can be 
used, depending upon the specificity of the antibodies used. 
For example, allele-specific mAb reagents can be used for the 
affinity purification of the HLA-A, HLA-B, and HLA-C 
molecules. Several mAb reagents for the isolation of HLA-A 
molecules are available (Table 3) . Thus, for each of the 
targeted HLA-A alleles, reagents are available that may be 
used for the direct isolation of the HLA-A molecules. 
Affinity columns prepared with these mAbs using standard 
techniques are successfully used to purify the respective 
HLA-A allele products. 

In addition to allele-specific mAbs, broadly 
reactive anti-HLA-A, B, C mAbs, such as W6/32 and B9.12.1, and 
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one anti-HLA-B, C mAb, Bl.23.2, could be used in alternative 
affinity purification protocols as described in the example 
section below. 

5 TABLE 3 

ANTIBODY REAGENTS 

10 

anti-HLA Name " 

15 : : ; : — 

12/18 

GAPA3 (ATCC, HB122) 

A11.1M (ATCC, HB164) 
W6/32 (ATCC, HB95) 

B9.12.1 (INSERM-CNRS) 
B. 1.23. 2 (INSERM-CNRS) 



HLA-A1 
20 HLA-A3 

HLA-11,24.1 
HLA-A,B, C 

25 

monomorphic 
HLA-B,C 
30 monomorphic 



35 The peptides bound to the peptide binding groove of 

the isolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class I 
molecules by a variety of standard denaturing means, such as 
heat, pH, detergents, salts, chaotropic agents, or a 

40 combination thereof. 

Peptide fractions are further separated from the MHC 
molecules by reversed-phase high performance liquid 
chromatography (HPLC) and sequenced. Peptides can be 
separated by a variety of other standard means well known to * 

45 the artisan, including filtration, ultrafiltration, 

electrophoresis, size chromatography, precipitation with 
specific antibodies, ion exchange chromatography, 
isoelectrofocusing, and the like. 
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Sequencing of the isolated peptides can be performed 
according to standard techniques such as Edman degradation 
(Hunkapiller, M.W., et ah , Methods Enzvmol. £1, 399 [1983]). 
Other methods suitable for sequencing include mass 
5 spectrometry sequencing of individual peptides as previously 
described (Hunt, et al., Science 225:1261 (1992), which is 
incorporated herein by reference) . Amino acid sequencing of 
bulk heterogenous peptides ( e.g. . pooled HPLC fractions) from 
different class I molecules typically reveals a characteristic 

10 sequence motif for each class I allele. 

Definition of motifs specific for different class I 
alleles allows the identification of potential peptide 
epitopes from an antigenic protein whose amino acid sequence 
is known. Typically, identification of potential peptide 

15 epitopes is initially carried out using a computer to scan the 
amino acid sequence of a desired antigen for the presence of 
motifs* The epitopic sequences are then synthesized. The 
capacity to bind MHC Class molecules is measured in a variety 
of different ways. One means is a Class I molecular binding 

20 assay as described in Example 10, below. Other alternatives 
described in the literature include inhibition of antigen 
presentation (Sette, et al., J. Immunol. 141:3893 (1991), in 
vitro assembly assays (Towns end, et al., Cell 62:285 (1990), 
and FACS based assays using mutated ells, such as RMA.S 

25 (Melief, et al., Eur. J. Immunol . 21:2963 [1991]). 

Next, peptides that test positive in the MHC class I 
binding assay are assayed for the ability of the peptides to 
induce specific CTL responses in vitro . For instance, 
antigen-presenting cells that have been incubated with a 

30 peptide can be assayed for the ability to induce CTL responses 
in responder cell populations. Antigen-presenting cells can 
be normal cells such as peripheral blood mononuclear cells or 
dendritic cells (Inaba, et al., J> Exp. Med. 166:182 (1987); 

BOOg, Eur. J. jTmminnl . 18:219 [1988]). 

35 Alternatively, mutant mammalian cell lines that are 

deficient in their ability to load class I molecules with 
internally processed peptides, such as the mouse cell lines 
RMA-S (KSrre, et al.. Nature , 319:675 (1986); Ljunggren, et 
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al., Eur, J, Immunol , 21:2963-2970 (1991)), and the human 
somatic T cell hybridoma, T-2 (Cerundolo, et al., Nature 
345:449-452 (1990)) and which have been transfected with the 
appropriate human class I genes are conveniently used, when 
5 peptide is added to them, to test for the capacity of the 
peptide to induce in vitro primary CTL responses. Other 
eukaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 
125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851) , 

10 armyworm (ATCC CRL 1711) , moth (ATCC CCL 80) and Drosophila 
cell lines such as a Schneider cell line (see Schneider J. 
Embryo 1, Exp. Morphol. 27:353-365 [1927]). That have been 
transfected with the appropriate human class I MHC allele 
encoding genes and the human B 2 microglobulin genes. 

15 Peripheral blood lymphocytes are conveniently 

isolated following simple venipuncture or leukapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors. In one embodiment, the appropriate 
antigen-presenting cells are incubated with 10-100 pM of 

20 peptide in serum-free media for 4 hours under appropriate 
culture conditions. The peptide-loaded antigen-presenting 
cells are then incubated with the responder cell populations 
in vitro for 7 to 10 days under optimized culture conditions. 
Positive CTL activation can be determined by assaying the 

25 cultures for the presence of CTLs that kill radiolabeled 

target cells, both specific peptide-pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevant virus or tumor antigen from which the peptide 
sequence was derived. 

30 Specificity and MHC restriction of the CTL is 

determined by testing against different peptide target cells 

.* 

expressing appropriate or inappropriate human MHC class I. 
The peptides that test positive in the MHC binding assays and 
give rise to specific CTL responses are referred to herein as 
35 immunogenic peptides. 

The immunogenic peptides can be prepared 
synthetically, or by recombinant DNA technology or isolated 
from natural sources such as whole viruses or tumors . 
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Although the peptide will preferably be substantially free of 
other naturally occurring host cell proteins and fragments 
thereof, in some embodiments the peptides can be synthetically 
conjugated to native fragments or particles. The polypeptides 
5 or peptides can be a variety of lengths, either in their 
neutral (uncharged) forms or in forms which are salts, and 
either free of modifications such as gly cosy lat ion, side chain 
oxidation, or phosphorylation or containing these 
modifications, subject to the condition that the modification 

10 not destroy the biological activity of the polypeptides as 
herein described. 

Desirably, the peptide will be as small as possible 
while still maintaining substantially all of the biological 
activity of the large peptide. When possible, it may be 

15 desirable to optimize peptides of the invention to a length of 
9 or 10 amino acid residues, commensurate in size with 
endogenously processed viral peptides or tumor cell peptides 
that are bound to MHC class I molecules on the cell surface. 

Peptides having the desired activity may be modified 

20 as necessary to provide certain desired attributes, e.g., 

improved pharmacological characteristics, while increasing or 
at least retaining substantially all of the biological 
activity of the unmodified peptide to bind the desired MHC 
molecule and activate the appropriate T cell. For instance, 

25 the peptides may be subject to various changes, such as 

substitutions, either conservative or non-conservative, where 
such changes might provide for certain advantages in their 
use, such as improved MHC binding. By conservative 
substitutions is meant replacing an amino acid residue with 

30 another which is biologically and/or chemically similar, e.g., 
one hydrophobic residue for another, or one polar residue for 
another. The substitutions include combinations such as Gly, 
Ala; Val, lie, Leu, Met; Asp, Glu; Asn, Gin; Ser, Thr; Lys, 
Arg; and Phe, Tyr. The effect of single amino acid 

35 substitutions may also be probed using D-amino acids. Such 
modifications may be made using well known peptide synthesis 
procedures, as described in e.g., Merrifield, Science 232:341- 
347 (1986), Barany and Merrifield, The Peptides . Gross and 
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Meienhofer, eds. (N.Y., Academic Press), pp. 1-284 (1979); and 
Stewart and Young, Solid Pha se peptide Synthesis / (Rockford, 
111-, Pierce), 2d Ed. (1984), incorporated by reference 
herein. 

5 The peptides can also be modified by extending or 

decreasing the compound's amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 

10 that certain amino acid residues essential for biological 

activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 
need not be limited to those naturally occurring in proteins, 

15 such as L-o-amino acids, or their D-isomers, but may include 
non-natural amino acids as well, such as 6-7-5-amino acids, as 
well as many derivatives of L-a-amino acids. 

Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 

20 electrostatic charge, hydrophobicity, etc. on binding. For 

instance, a series of positively charged (e.g. r Lys or Arg) or 
negatively charged (e.g., Glu) amino acid substitutions are 
made along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 

25 cell receptors, in addition, multiple substitutions using 
small, relatively neutral moieties such as Ala, Gly, Pro, or 
similar residues may be employed. The substitutions may be 
homo-oligomers or hetero-oligomers. The number and types of 
residues which are substituted or added depend on the spacing 

30 necessary between essential contact points and certain 

functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity) . Increased binding affinity for an MHC 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to the affinity of the parent peptide. 

35 In any event, such substitutions should employ amino acid 
residues or other molecular fragments chosen to avoid, for 
example, steric and charge interference which might disrupt 
binding. 
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Amino acid substitutions are typically of single 
residues. Substitutions, deletions, insertions or any 
combination thereof may be combined to arrive at a final 
peptide. Substitutional variants are those in which at least 
one residue of a peptide has been removed and a different 
residue inserted in its place. Such substitutions generally 
are made in accordance with the following Table 4 when it is 
desired to finely modulate the characteristics of the peptide. 
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TABLE 4 

Qriqinfll pes^n? 

Ala 
Arg 
Asn 
Asp 
Cys 
Gin 
Glu 
Gly 
His 
lie 
Leu 
Lys 
Met 
Phe 
Ser 
Thr 
Trp 
Tyr 
Val 



Exemplary Substitution 

ser 

lys 
gin; his 

glu 

ser 

asn 

asp 

pro 
asn; gin 
leu; val 
lie; val 

arg 
leu; lie 
met; leu; tyr 

thr 

ser 

tyr 
trp; phe 
lie; leu 
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Substantial changes in function (e.g., affinity for 
MHC molecules or T cell receptors) are made by selecting 
substitutions that are less conservative than those in Table 
4, i.e., selecting residues that differ more significantly in 
5 their effect on maintaining (a) the structure of the peptide 
backbone in the area of the substitution, for example as a 
sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site or (c) the 
bulk of the side chain. The substitutions which in general 

10 are expected to produce the greatest changes in peptide 

properties will be those in which (a) hydrophilic residue, 
e.g. seryl, is substituted for (or by) a hydrophobic residue, 
e.g. leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a 
residue having an electropositive side chain, e.g., lysyl, 

15 arginyl, or histidyl, is substituted for (or by) an 

electronegative residue, e.g. glutamyl or aspartyl; or (c) a 
residue having a bulky side chain, e.g. phenylalanine, is 
substituted for (or by) one not having a side chain, e.g., 
glycine. 

20 The peptides may also comprise isosteres of two or 

more residues in the immunogenic peptide. An isostere as 
defined here is a sequence of two or more residues that can be 
substituted for a second sequence because the steric 
conformation of the first sequence fits a binding site 

25 specific for the second sequence. The term specifically 

includes peptide backbone modifications well known to those 
skilled in the art. Such modifications include modifications 
of the amide nitrogen, the a-carbon, amide carbonyl, complete 
replacement of the amide bond, extensions, deletions or 

30 backbone crosslinks. See , generally . Spatola, Chemistry and 
Biochemistry of Amino Acid s, peptides and Proteins . Vol. VII 
(Weinstein ed. , 1983). 

Modifications of peptides with various amine &cid 
mimetics or unnatural amino acids are particularly useful in 

35 increasing the stability of the peptide in vivo . Stability 

can be assayed in a number of ways. For instance, peptidases 
and various biological media, such as human plasma and serum, 
have been used to test stability. See , e.g. . Verhoef et al., 
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Eur. J, Drug Metab Pharmacokin. 11:291-302 (1986). Half life 
of the peptides of the present invention is conveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled human serum (Type AB, 
5 non-heat inactivated) is delipidated by centrifugation before 
use. The serum is then diluted to 25% with RPMI tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 

10 trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed-phase HPLC using 
stability-specific chromatography conditions. 

15 The peptides of the present invention or analogs 

thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 

20 contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred immunogenic 
peptides/T helper conjugates are linked by a spacer molecule. 
The spacer is typically comprised of relatively small, neutral 
molecules, such as amino acids or amino acid mimetics, which 

25 are substantially uncharged under physiological conditions. 
The spacers are typically selected from, e.g., Ala, Gly, or 
other neutral spacers of nonpolar amino acids or neutral polar 
amino acids. It will be understood that the optionally 
present spacer need not be comprised of the same residues and 

30 thus may be a hetero- or homo-oligomer. When present, the 
spacer will usually be at least one or two residues, more 
usually three to six residues. Alternatively, the CTL peptide 
may be linked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 

35 peptide either directly or via a spacer either at the amino or 
carboxy terminus of the CTL peptide. The amino terminus of 
either the immunogenic peptide or the T helper peptide may be 
acylated. 
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In some embodiments it may be desirable to include in 
the pharmaceutical compositions of the invention at least one 
component which assists in priming CTL. Lipids have been 
identified as agents capable of assisting the priming CTL in 
5 Yjyo against viral antigens. For example, palmitic acid 

residues can be attached to the alpha and epsilon amino groups 
of a Lys residue and then linked, e.g., via one or more 
linking residues such as Gly, Gly-Gly-, Ser, Ser-Ser, or the 
like, to an immunogenic peptide. The lipidated peptide can 

10 then be injected directly in a micellar form, incorporated 

into a liposome or emulsified in an adjuvant, e.g., incomplete 
Preund's adjuvant. In a preferred embodiment a particularly 
effective immunogen comprises palmitic acid attached to alpha 
and epsilon amino groups of Lys, which is attached via 

15 linkage, e.g., Ser-Ser, to the amino terminus of the 
immunogenic peptide. 

As another example of lipid priming of CTL responses, 
E - coli lipoproteins, such as 

tripalmitoyl-S-glycerylcysteinlyseryl-serine (P 3 CSS) can be 
20 used to prime virus specific CTL when covalently attached to 

an appropriate peptide. See, Deres et al., Nature 342:561-564 
(1989), incorporated herein by reference. Peptides of the 
invention can be coupled to P 3 CSS, for example, and the 
lipopeptide administered to an individual to specifically 
25 prime a CTL response to the target antigen. Further, as the 
induction of neutralizing antibodies can also be primed with 
P 3 CSS conjugated to a peptide which displays an appropriate 
epitope, the two compositions can be combined to more 
effectively elicit both humoral and cell-mediated responses to 
30 infection. 

In addition, additional amino acids can be added to 
the termini of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support, or 
larger peptide, for modifying the physical or chemical 
35 properties of the peptide or oligopeptide, or the like. Amino 
acids such as tyrosine, cysteine, lysine, glutamic or aspartic 
acid, or the like, can be introduced at the C- or N-terminus 
of the peptide or oligopeptide. Modification at the C 
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terminus in some cases may alter binding characteristics of 
the peptide. In addition, the peptide or oligopeptide 
sequences can differ from the natural sequence by being 
modified by terminal-NH 2 acylation, e.g., by alkanoyl (C^-C^) 
5 or thioglycolyl acetylation, terminal-carboxyl amidation, 
e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 

10 wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 

15 Stewart and Young, Solid Phase Peptide synthesis , 2 d. ed., 
Pierce Chemical Co. (1984) , supra . 

Alternatively, recombinant DNA technology may be 
employed wherein a nucleotide sequence which encodes an 
immunogenic peptide of interest is inserted into an expression 

20 vector, transformed or transfected into an appropriate host 
cell and cultivated under conditions suitable for expression. 
These procedures are generally known in the art, as described 
generally. in Sambrook et al., Molecular cloning, a T, a h.r^^, 
Manual, Cold Spring Harbor Press, Cold Spring Harbor, New York 

25 (1982) , which is incorporated herein by reference. Thus, 

fusion proteins which comprise one or more peptide sequences 
of the invention can be used to present the appropriate T cell 
epitope. 

As the coding sequence for peptides of the length 
30 contemplated herein can be synthesized by chemical techniques, 
for example, the phosphotriester method of Matteucci et al., 
Jt ftffl, Cheffi, spc, 103:3185 (1981), modification can be made 
simply by substituting the appropriate base(s) for those 
encoding the native peptide sequence. The coding sequence can 
35 then be provided with appropriate linkers and ligated into 
expression vectors commonly available in the art, and the 
vectors used to transform suitable hosts to produce the 
desired fusion protein. A number of such vectors and suitable 
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host systems are now available. For expression of the fusion 
proteins, the coding sequence will be provided with operably 
linked start and stop codons, promoter and terminator regions 
and usually a replication system to provide an expression 
5 vector for expression in the desired cellular host. For 

example, promoter sequences compatible with bacterial hosts 
are provided in plasmids containing convenient restriction 
sites for insertion of the desired coding sequence. The 
resulting expression vectors are transformed into suitable 
10 bacterial hosts. Of course, yeast or mammalian cell hosts may 
also be used, employing suitable vectors and control 
sequences. 

The peptides of the present invention and 
pharmaceutical and vaccine compositions thereof are useful for 

15 administration to mammals, particularly humans, to treat 
and/or prevent viral infection and cancer. Examples of 
diseases which cam be treated using the immunogenic peptides 
of the invention include prostate cancer, hepatitis B, 
hepatitis C, AIDS, renal carcinoma, cervical carcinoma, 

20 lymphoma, CMV and condlyloma acuminatum. 

For pharmaceutical compositions, the immunogenic 
peptides of the invention are administered to an individual 
already suffering from cancer or infected with the virus of 
interest. Those in the incubation phase or the. acute phase of 

25 infection can be treated with the immunogenic peptides 
separately or in conjunction with other treatments, as 
appropriate. In therapeutic applications, compositions are 
administered to a patient in an amount sufficient to elicit an 
effective CTL response to the virus or tumor antigen and to 

30 cure or at least partially arrest symptoms and/or 

complications. An amount adequate to accomplish this is 
defined as "therapeutically effective dose. 1 * Amounts 
effective for this use will depend on, e.g., the peptide 
composition, the manner of administration, the stage and 

35 severity of the disease being treated, the weight and general 
state of health of the patient, and the judgment of the 
prescribing physician, but generally range for the initial 
immunization (that is for therapeutic or prophylactic 
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administration) from about 1.0 fig to about 5000 fig of peptide 
for a 70 kg patient, followed by boosting dosages of from 
about 1.0 fig to about 1000 fig of peptide pursuant to a 
boosting regimen over weeks to months depending upon the 
5 patient's response and condition by measuring specific CTL 

activity in the patient's blood. It must be kept in mind that 
the peptides and compositions of the present invention may 
generally be employed in serious disease states; that is, 
life-threatening or potentially life threatening situations. 
10 In such cases, in view of the minimization of extraneous 

substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these peptide 
compositions. 

15 For therapeutic use, administration should begin at 

the first sign of viral infection or the detection or surgical 
removal of tumors or shortly after diagnosis in the case of 
acute infection* This is followed by boosting doses until at 
least symptoms are substantially abated and for a period 

20 thereafter. In chronic infection, loading doses followed by 
boosting doses may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
infection in acutely infected individuals. For those 

25 individuals susceptible (or predisposed) to developing chronic 
infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection. 
Where the susceptible individuals are identified prior to or 
during infection, for instance, as described herein, the 

30 composition can be targeted to them, minimizing need for 
administration to a larger population. 

The peptide compositions can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus-infected cells in carriers. It is 

35 important to provide an amount of immuno-potentiating peptide 
in a formulation and mode of administration sufficient to 
effectively stimulate a cytotoxic T cell response. Thus, for 
treatment of chronic infection, a representative dose is in 
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the range of about 1.0 /tg to about 5000 /tg, preferably about 5 
ng to 1000 /tg for a 70 kg patient per dose. Immunizing doses 
followed by boosting doses at established intervals, e.g., 
from one to four weeks, may be required, possibly for a 
5 prolonged period of time to effectively immunize an 

individual. In the case of chronic infection, administration 
should continue until at least clinical symptoms or laboratory 
tests indicate that the viral infection has been eliminated or 
substantially abated and for a period thereafter. 
10 The pharmaceutical compositions for therapeutic 

treatment are intended for parenteral, topical, oral or local 
administration. Preferably, the pharmaceutical compositions 
are administered parenterally, e.g., intravenously, 
subcutaneously, intradermally, or intramuscularly. Thus, the 
15 invention provides compositions for parenteral administration 
which comprise a solution of the immunogenic peptides 
dissolved or suspended in an acceptable carrier, preferably an 
aqueous carrier. A variety of aqueous carriers may be used, 
e.g., water, buffered water, 0.9% saline, 0.3% glycine, 
20 hyaluronic acid and the like. These compositions may be 
sterilized by conventional, well known sterilization 
techniques, or may be sterile filtered. The resulting aqueous 
solutions may be packaged for use as is, or lyophilized, the 
lyophilized preparation being combined with a sterile solution 
25 prior to administration. The compositions may contain 

pharmaceutically acceptable auxiliary substances as required 
to approximate physiological conditions, such as pH adjusting 
and buffering agents, tonicity adjusting agents, wetting 
agents and the like, for example, sodium acetate, sodium 
30 lactate, sodium chloride, potassium chloride, calcium 

chloride, sorbitan monolaurate, triethanolamine oleate, etc. 

The concentration of CTL stimulatory peptides of the 
invention in the pharmaceutical formulations can vary widely, 
i.e., from less than about 0.1%, usually at or at least about 
35 2% to as much as 20% to 50% or more by weight, and will be 
selected primarily by fluid volumes, viscosities, etc., in 
accordance with the particular mode of administration 
selected. 
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The peptides of the invention may also be 
administered via liposomes, which serve to target the peptides 
to a particular tissue, such as lymphoid tissue, or targeted 
selectively to infected cells, as well as increase the half- 
5 life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like, in 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 

10 which binds to, e.g., a receptor prevalent among lymphoid 

cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 

15 cells, where the liposomes then deliver the selected 

therapeutic/ immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle-forming 
lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The 

20 selection of lipids is generally guided by consideration of, 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g., 
Szoka et al., Ann. Rev. Biophvs. Bioana. 9:467 (1980), U.S. 

25 Patent NOS. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, 
incorporated herein by reference. 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface determinants of 

30 the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously, 
locally, topically, etc. in a dose which varies according to, 
inter alia, the manner of administration, the peptide being 
delivered, and the stage of the disease being treated. 

35 F °r solid compositions, conventional nontoxic solid 

carriers may be used which include, for example, 
pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose, 
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sucrose, magnesium carbonate, and the like. For oral 
administration, a pharmaceutical ly acceptable nontoxic 
composition is formed by incorporating any of the normally 
employed excipients, such as those carriers previously listed, 
5 and generally 10-95% of active ingredient, that is, one or 
more peptides of the invention, and more preferably at a 
concentration of 25%-75%. 

For aerosol administration, the immunogenic peptides 
are preferably supplied in finely divided form along with a 

10 surfactant and propellant. Typical percentages of peptides 
are 0.01%-20% by weight, preferably 1%-10%. The surfactant 
must, of course, be nontoxic, and preferably soluble in the 
propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon 

15 atoms, such as caproic, octanoic, lauric, palmitic, stearic, 
linoleic, linolenic, olesteric and oleic acids with an 
aliphatic polyhydric alcohol or its cyclic anhydride. Mixed 
esters, such as mixed or natural glycerides may be employed. 
The surfactant may constitute 0.1%-20% by weight of the 

20 composition, preferably 0.25-5%. The balance of the 

composition is ordinarily propellant. A carrier can also be 
included, as desired, as with, e.g., lecithin for intranasal 
delivery. 

In another aspect the present invention is directed 
25 to vaccines which contain as an active ingredient an 

immunogenically effective amount of an immunogenic peptide as 
described herein. The peptide (s) may be introduced into a 
host, including humans, linked to its own carrier or as a 
homopolymer or heteropolymer of active peptide units. Such a 
30 polymer has the advantage of increased immunological reaction 
and, where different peptides are used to make up the polymer, 
the additional ability to. induce antibodies and/or CTLs that 
react with different antigenic determinants of the virus or 
tumor cells. Useful carriers are well known in the art, and 
35 include, e.g., thyroglobulin , albumins such as bovine serum 
albumin, tetanus toxoid, polyamino acids such as 
poly (lysine: glutamic acid), hepatitis B virus core protein, 
hepatitis B virus recombinant vaccine and the like. The 
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vaccines can also contain a physiologically tolerable 
(acceptable) diluent such as water, phosphate buffered saline, 
or saline, and further typically include an adjuvant* 
Adjuvants such as incomplete Freund's adjuvant, aluminum 
5 phosphate, aluminum hydroxide, or alum are materials veil 

known in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P 3 CSS. Upon immunization with a peptide composition 
as described herein, via injection, aerosol, oral, transdermal 
10 or other route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later infection, or resistant to developing chronic 
infection. 

15 Vaccine compositions containing the peptides of the 

invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immune response capabilities. Such an amount is 

20 defined to be an "immunogenically effective dose. 99 In this 
use, the precise amounts again depend on the patient 9 s state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about 1.0 
ng to about 5000 fig per 70 kilogram patient, more commonly 

25 from about 10 fig to about 500 pg mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

30 For therapeutic or immunization purposes, the 

peptides of the invention can also be expressed by attenuated 
viral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to express 
nucleotide sequences that encode the peptides of the 

35 invention. Upon introduction into an acutely or chronically 
infected host or into a non- infected host, the recombinant 
vaccinia virus expresses the immunogenic peptide, and thereby 
elicits a host CTL response. Vaccinia vectors and methods 



WO 94/03205 PCT/US93/07421 

31 

useful in immunization protocols are described in, e.g., U.S. 
Patent No. 4,722,848, incorporated herein by reference. 
Another vector is BCG (Bacille Calmette Guerin) . BCG vectors 
are described in Stover et al. ( Nature 351:456-460 (1991)) 
which is incorporated herein by reference. A wide variety of 
other vectors useful for therapeutic administration or 
immunization of the peptides of the invention, e.g., 
Salmonella tsshi vectors and the like, will be apparent to 
those skilled in the art from the description herein. 

Antigenic peptides may be used to elicit CTL ex vivo , 
as well. The resulting CTL, can be used to treat chronic 
infections (viral or bacterial) or tumors in patients that do 
not respond to other conventional forms of therapy, or will 
not respond to a peptide vaccine approach of therapy. Ex vivo 
CTL responses to a particular pathogen (infectious agent or 
tumor antigen) are induced by incubating in tissue culture the 
patient's CTL precursor cells (CTLp) together with a source of 
antigen-presenting cells (APC) and the appropriate immunogenic 
peptide. After an appropriate incubation time (typically 1-4 
weeks) , in which the CTLp are activated and mature and expand 
into effector CTL, the cells are infused back into the 
patient, where they will destroy their specific target cell 
(an infected cell or a tumor cell), in order to optimize the 
in vitro conditions for the generation of specific cytotoxic T 
cells, the culture of stimulator cells is maintained in an 
appropriate serum-free medium. 

Prior to incubation of the stimulator cells with the 
cells to be activated, e.g., precursor CD8+ cells, an amount 
of antigenic peptide is added to the stimulator cell culture, 
of sufficient quantity to become loaded onto the human Class I 
molecules to be expressed on the surface of the stimulator 
cells, in the present invention, a sufficient amount of 
peptide is an amount that will allow about 200, and preferably 
200 or more, human Class T MHC molecules loaded with peptide 
to be expressed on the surface of each stimulator cell. 
Preferably, the stimulator cells are incubated with >20Mg/ml 
peptide. 



WO 94/03205 



32 



PCT/US93/07421 



Resting or precursor CD8+ cells are then incubated in 
culture with the appropriate stimulator cells for a time 
period sufficient to activate the CD8+ cells. Preferably, the 
CD8+ cells are activated in an antigen-specific manner. The 
5 ratio of resting or precursor CD8+ (effector) cells to 

stimulator cells may vary from individual to individual and 
may further depend upon variables such as the amenability of 
an individual's lymphocytes to culturing conditions and the 
nature and severity of the disease condition or other 

10 condition for which the within-described treatment modality is 
used. Preferably, however, the lymphocyte: stimulator cell 
ratio is in the range of about 30:1 to 300:1. The 
effector/ stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable or 

15 effective number of CD8+ cells. 

The induction of CTL in vitro requires the specific 
recognition of peptides that are bound to allele specific MHC 
class I molecules on APC. The number of specific MHC/ peptide 
complexes per APC is crucial for the stimulation of CTL, 

20 particularly in primary immune responses. While small amounts 
of peptide/HHC complexes per cell are sufficient to render a 
cell susceptible to lysis by CTL, or to stimulate a secondary 
CTL response, the successful activation of a CTL precursor 
(pCTL) during primary response requires a significantly higher 

25 number of MHC/peptide complexes. Peptide loading of empty 

major histocompatability complex molecules on cells allows the 
induction of primary cytotoxic T lymphocyte responses. Peptide 
loading of empty major histocompatability complex molecules on 
cells enables the induction of primary cytotoxic T lymphocyte 

30 responses. 

Since mutant cell lines do not exist for every human 
MHC allele, it is advantageous to use a technique to remove 
endogenous MHC-associated peptides from the surface of APC, 
followed by loading the resulting empty MHC molecules with the 

35 immunogenic peptides of interest. The use of non- trans formed 
( non-tumor igenic) , non-infected cells, and preferably, 
autologous cells of patients as APC is desirable for the 
design of CTL induction protocols directed towards development 
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of ex vivo CTL therapies. This application discloses methods 
for stripping the endogenous MHC-associated peptides from the 
surface of APC followed by the loading of desired peptides. 

A stable MHC class I molecule is a trimeric complex 
5 formed of the following elements: l) a peptide usually of 8 - 
10 residues, 2) a transmembrane heavy polymorphic protein 
chain which bears the peptide-binding site in its al and a2 
domains, and 3) a non-covalently associated non-polymorphic 
light chain, /^microglobulin. Removing the bound peptides 

10 and/or dissociating the ^microglobulin from the complex 

renders the MHC class I molecules nonfunctional and unstable, 
resulting in rapid degradation. All MHC class I molecules 
isolated from PBMCs have endogenous peptides bound to them. 
Therefore, the first step is to remove all endogenous peptides 

15 bound to MHC class I molecules on the APC without causing 

their degradation before exogenous peptides can be added to 
them. 

Two possible ways to free up MHC class I molecules of 
bound peptides include lowering the culture temperature from 

20 37*C to 26»C overnight to destablize ^microglobulin and 

stripping the endogenous peptides from the cell using a mild 
acid treatement. The methods release previously bound 
peptides into the extracellular environment allowing new 
exogenous peptides to bind to the empty class I molecules. 

25 The cold-temperature incubation method enables exogenous 

peptides to bind efficiently to the MHC complex, but reguires 
an overnight incubation at 26»C which may slow the cell's 
metabolic rate. It is also likely that cells not actively 
synthesizing MHC molecules (e.g., resting PBMC) would not 

30 produce high amounts of empty surface MHC molecules by the 
cold temperature procedure. 

Harsh acid stripping involves extraction of the 
peptides with trifluoroacetic acid, pH 2, or acid denaturation 
of the immunoaffinity purified class I-peptide complexes. 

35 These methods are not feasible for CTL induction, since it is 
important to remove the endogenous peptides while preserving 
APC viability and an optimal metabolic state which is critical 
for antigen presentation. Mild acid solutions of pH 3 such as 
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glycine or citrate-phosphate buffers have been used to 
identify endogenous peptides and to identify tumor associated 
T cell epitopes. The treatment is especially effective , in 
that only the MHC class I molecules are destabilized (and 
5 associated peptides released) , while other surface antigens 
remain intact, including MHC class II molecules. Most 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state. The 
mild acid treatment is rapid since the stripping of the 

10 endogenous peptides occurs in two minutes at 4°C and the APC 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptide-specif ic APCs for the generation of primary 
antigen-specific CTL. The resulting APC are efficient in 

15 inducing peptide-specif ic CD8+ CTL. 

Activated CD8+ cells may be effectively separated 
from the stimulator cells using one of a variety of known 
methods. For example, monoclonal antibodies specific for the 
stimulator cells, for the peptides loaded onto the stimulator 

20 cells, or for the CD8+ cells (or a segment thereof) may be 
utilized to bind their appropriate complementary ligand. 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
e.g., via well-known immunoprecipitation or immunoassay 

25 methods. 

Effective, cytotoxic amounts of the activated CD8+ 
cells can vary between in vitro and in vivo uses, as well as 
with the amount and type of cells that are the ultimate' target 
of these killer cells. The amount will also vary depending on 

30 the condition of the patient and should be determined via 

consideration of all appropriate factors by the practitioner. 
Preferably, however, about 1 X 10 6 to about 1 X 10 12 , more 
preferably about 1 X 10 8 to about 1 X 10 11 , and even more 
preferably, about 1 X 10 9 to about 1 X 10 10 activated CD8+ 

35 cells are utilized for adult humans, compared to about 5 X lo 6 
- 5 X 10 7 cells used in mice. 

Preferably, as discussed above, the activated CD8+ 
cells are harvested from the cell culture prior to 
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administration of the CD8+ cells to the individual being 
treated. It is important to note, however, that unlike other 
present and proposed treatment modalities, the present method 
uses a cell culture system that is not tumor igenic. 
5 Therefore, if complete separation of stimulator cells and 
activated CD8+ cells is not achieved, there is no inherent 
danger known to be associated with the administration of a 
small number of stimulator cells, whereas administration of 
mammalian tumor-promoting cells may be extremely hazardous. 

10 Methods of re-introducing cellular components are 

known in the art and include procedures such as those 
exemplified in U.S. Patent No. 4,844,893 to Honsik, et al. and 
U.S. Patent No. 4,690,915 to Rosenberg. For example, 
administration of activated CD8+ cells via intravenous 

15 infusion is appropriate. 

The immunogenic peptides of this invention may also 
be used to make monoclonal antibodies. Such antibodies may be 
useful as potential diagnostic or therapeutic agents. 

The peptides may also find use as diagnostic 

20 reagents. For example, a peptide of the invention may be used 
to determine the susceptibility of a particular individual to 
a treatment regimen which employs the peptide or related 
peptides, and thus may be helpful in modifying an existing 
treatment protocol or in determining a prognosis for an 

25 affected individual. In addition, the peptides may also be 

used to predict which individuals will be at substantial risk 
for developing chronic infection. 

The following examples are offered by way of 
illustration, hot by way of limitation. 

30 

Example 1 
Class I antigen isolate 
A flow diagram of an HLA-A antigen purification 
scheme is presented in Figure 1. Briefly, the cells bearing 
35 the appropriate allele were grown in large batches (6-8 liters 
yielding "5 x 10 9 cells) , harvested by centrifugation and 
washed. All cell lines were maintained in RPMI 1640 media 
(Sigma) supplemented with 10% fetal bovine serum (FBS) and 
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antibiotics. For large-scale cultures, cells were grown in 
roller bottle culture in RPMI 1640 with 10% FBS or with 10% 
horse serum and antibiotics. Cells were harvested by 
centrifugation at 1500 RPM IEC-CRU5000 centrifuge with 259 
5 rotor and washed three times with phosphate-buffered saline 
(PBS) (0.01 M P0 4f 0.154 M NaCl, pH 7.2). 

Cells were pelleted and stored at -70 *C or treated 
with detergent lysing solution to prepare detergent lysates. 
Cell lysates were prepared by the addition of stock detergent 

10 solution [1% NP-40 (Sigma) or Renex 30 (Accurate Chem. Sci. 
Corp., Westbury, NY 11590), 150 mM NaCl, 50 mM Tris, pH 8.0] 
to the cell pellets (previously counted) at a ratio of 50-100 
x 10 6 cells per ml detergent solution. A cocktail of protease 
inhibitors was added to the premeasured volume of stock 

15 detergent solution immediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final, concentrations of the following: 
phenylmethylsulfonyl fluoride (PMSF) , 2 mM; aprotinin, 5 
Itq/mlf leupeptin, 10 pg/nl; pepstatin, 10 fig /ml; 

20 iodoacetamide, 100 fM; and EDTA, 3 ng/ml. Cell lysis was 
allowed to proceed at 4*C for l hour with periodic mixing. 
Routinely 5-10 x 10 9 cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4*C and 

25 subsequent passage of the supernatant fraction through a 0.2 fi 
filter unit (Nalgene) . 

The HLA-A antigen purification was achieved using 
affinity columns prepared with mAb-conjugated Sepharose beads. 
For antibody production, cells were grown in RPMI with 10% FBS 

30 in large tissue culture flasks (Corning 25160-225). 

Antibodies were purified from clarified tissue culture medium 
by ammonium sulfate fractionation followed by affinity 
chromatography on protein-A-Sepharose (Sigma) . Briefly, 
saturated ammonium sulfate was added slowly with stirring to 

35 the tissue culture supernatant to 45% (volume to volume) 
overnight at 4*C to precipitate the immunoglobulins. The 
precipitated proteins were harvested by centrifugation at 
10,000 x g for 30 minutes. The precipitate was then dissolved 
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in a minimum volume of PBS and transferred to dialysis tubing 
(Spectro/Por 2, Mol. wt. cutoff 12,000-14,000, Spectum Medical 
Ind.). Dialysis was against PBS (£20 times the protein 
solution volume) with 4-6 changes of dialysis buffer over a 
5 24-48 hour period at 4*C. The dialyzed protein solution was 
clarified by centrifugation (10,000 x g for 30 minutes) and 
the pH of the solution adjusted to pH 8.0 with IN NaOH. 
Protein-A-Sepharose (Sigma) was hydrated according to the 
manufacturer's instructions, and a protein-A-Sepharose column 
10 was prepared. A column of 10 ml bed volume typically binds 
50-100 mg of mouse IgG. 

The protein sample was loaded onto the protein-A- 
Sepharose column using a peristaltic pump for large loading 
volumes or by gravity for smaller volumes (<100 ml). The 
15 column was washed with several, volumes of PBS, and the eluate 
was monitored at A280 in a spectrophotometer until base line 
was reached. The bound antibody was eluted using 0.1 M citric 
acid at suitable pH (adjusted to the appropriate pH with IN 
NaOH). For mouse IgG-1 pH 6.5 was used for IgG2a pH 4.5 was 
20 used and for IgG2b and IgG3 pH 3.0 was used. 2 M Tris base 
was used to neutralize the eluate. Fractions containing the 
antibody (monitored by A280) were pooled, dialyzed against PBS 
and further concentrated using an Amicon Stirred Cell system 
(Amicon Model 8050 with YM30 membrane) . The anti-A2 mAb, 
25 BB7.2, and the anti-A3 mAb, GAPA3, are particularly useful for 
affinity purification. 

The HLA-A antigen was purified using affinity columns 
prepared with mAb-conjugated Sepharose beads. The affinity 
columns were prepared by incubating protein-A-Sepharose beads 
30 (Sigma) with affinity-purified mAb as described above. Five 
to 10 mg of mAb per ml of bead is the preferred ratio. The 
mAb bound beads were washed with borate buffer (borate buffer: 
100 mM sodium tetraborate, 154 mM NaCl, pH 8.2) until the 
washes show A280 at based line. Dimethyl pimelimidate (20 mM) 
in 200 mM triethanolamine was added to covalently crosslink 
the bound mAb to the protein-A-Sepharose (Schneider et al., 
Biol. Chem T 257:10766 (1982). After incubation for 45 minutes 
at room temperature on a rotator, the excess crosslinking 
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reagent was removed by washing the beads twice with 10-20 ml 
of 20 mM ethanolamine, pH 8.2. Between each wash the slurry 
was placed on a rotator for 5 minutes at room temperature. 
The beads were washed with borate buffer and with PBS plus 
5 0.02% sodium azide. 

The cell lysate (5-10 x 10 9 cell equivalents) was 
then slowly passed over a 5-10 ml affinity column (flow rate 
of 0.1-0.25 ml per minute) to allow the binding of the antigen 
to the immobilized antibody. After the lysate was allowed to 

10 pass through the column, the column was washed sequentially 
with 20 column volumes of detergent stock solution plus 0.1% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M NaCl, 20 mM 
Tris r pH 8.0, and 10 column volumes of 20 mM Tris, pH 8.0. 
The HLA-A antigen bound to the mAb was eluated with a basic 

15 buffer solution (50 mM diethylamine in water) . As an 

alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (1/50) was removed for protein quantification using 
either a color imetric assay (BCA assay, Pierce) or by SDS- 

20 PAGE, or both. SDS-PA6E analysis was performed as described 
by Laemmli (Laemmli, U.K., Nature 227:680 (1970)) using known 
amounts of bovine serum albumin (Sigma) as a protein standard. 

Allele specific antibodies were used to purify the 
specific MHC molecule. In the case of HLA-A2 and HLA-A3 mAbs 

25 BB7.2 and 6APA3 were used respectively. An example of SDS 
PAGE analysis of purified HLA-A3.2 molecules is shown in 
Figure 2. 

Figure 2 shows SDS-PAGE (12.5%) analysis of affinity 
purified HLA-A3.2 from the cell line EHM. An affinity column 

30 (10 ml) was prepared with protein A-sepharose beads coupled to 
the monoclonal antibody GAPA3 which is specific for HLA-A3. A 
detergent lysate of 5xl0 9 cells was passaged over the column 
and the column was washed extensively. The bound HLA-A3.2 
molecules were eluted from "the column with 0.15M acetic acid, 

35 50 ml. One ml of the eluate was removed and lyophilized to 

concentrate the sample. The sample was taken up to 50 fil with 
Leammli sample buffer and 20 fil were loaded in lane 2. Lane 1 
contained molecular weight standards: Myosin, 230 kD; B- 
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galactosidase, il6kD; phosphorylase B, 97.4kD; bovine serum 
albumin, 66.2kD; ovalbumin, 45kD; carbonic anhydrase, 3lkD; 
soybean trypsin inhibitor, 21.5kD; and lysozyme, l4.4kD. 
Standard concentrations of bovine serum albumin were run in 
lanes 8, 10 /tg, 9, 3 /tg, and 10, l/tg to aid in the estimation 
of protein yield. For this particular HLA-A3.2 preparation, 
the estimated yield was approximately 112 /tg. 

Por HLA-A11, A24.1 and Al, an alternative protocol 
was used whereby anti-HLA-B and C monoclonal antibodies were 
used to deplete HLA-B and c molecules. The remaining HLA-A 
molecules were subsequently purified using the W6/32 mAb as 
described below. 

Based on the density of class I expression as 
indicated by the results of immunof luorescent staining 
analysis, it is anticipated that average yields of class I 
antigen isolated from the EBV B cell lines will range from 
800-1200 /tg per 10 10 cell equivalents. 

Example 2 

An alternative class t nnr±ti c ^ ± on PyQ »^ ?1 
HLA-A2.1 molecules were isolated using the mAb 
Bl.23.2 which detects an epitope expressed by HLA-B and c 
allele molecules, but not by HLA-A antigens. The mAb, W6/32, 
detects all human class I molecules, including HLA-A, B and C. 
As mentioned above, these mAbs react well with the B cell 
lines serving as sources of HLA-A antigens. The Bl.23.2 mAb 
reacts with the various human B cell lines, but fails to react 
with a mouse cell line that expresses a transfected HLA-A2.1 
protein or a chimeric A2.1 mouse K b molecule, it does react 
with the human cell line, CIR (Alexander, J., et al., 
ImwiPqenetlcp , 2 9, 380 [1989]), that lacks expression of 
HLA-A and B molecules, but expresses low levels of HLA-C 
molecules. This pattern of reactivity illustrates how the 
Bl.23.2 mAb can be used to" deplete the B cell lysates of HLA-B 
and c molecules. 

Affinity columns were prepared using the affinity- 
purified Bl.23.2 and W6/32 mAbs, respectively, as described 
above. The procedures for the preparation of the affinity 
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columns are essentially identical to the procedures described 
for the preparation of the allele-specif ic mAb columns 
described above. The Bl.23.2 mAb affinity column was used to 
deplete the detergent lysates of HLA-B and C molecules using 
5 the protocol as described above. The cell lysate depleted of 
HLA-B and C was then passed over a W6/32 mAb affinity column. 
The MHC molecule that was eluted from this second passage was 
the A allele product. 

This alternative affinity purification is useful for 
10 the purification of any HLA-A allele product, and does not 
rely on the need for allele-specif ic mAbs. In addition, it 
could also be used to isolate any class I molecule type from 
trans fee ted cell lines. 

Isolation and sequencing of naturally processe d peptides 

For the HLA-A preparations derived from the base (50 
mM diethylamine) elution protocol, the eluate was immediately 
neutralized with 1 N acetic acid to pH 7.0-7.5. The 

20 neutralized eluate was concentrated to a volume of 1-2 ml in 
an Amicon stirred cell [Model 8050, with YM3 membranes 
(Amicon)]. Ten ml of ammonium acetate (0.01 M, pH 8.0) was 
added to the concentrator to remove the non-volatile salts, 
and the sample was concentrated to approximately 1 ml. A 

25 small sample (1/50) was removed for protein quantitation as 
described above. The remainder was recovered into a 15 ml 
polypropylene conical centrifuge tube (Falcon, 2097) (Bee ton 
Dickinson) • Glacial acetic acid was added to obtain a final 
concentration of 10% acetic acid. The acidified sample was 

30 placed in a boiling water bath for 5 minutes to allow for the 
dissociation of the bound peptides. The sample was cooled on 
ice, returned to the concentrator and the filtrate was 
collected. Additional aliguots of 10% acetic acid (1-2 ml) 
were added to the concentrator, and this filtrate was pooled 

35 with the original filtrate. Finally, 1-2 ml of distilled 
water was added to the concentrator, and this filtrate was 
pooled as well. 
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The retentate contains the bulk of the HLA-A heavy 
chain and B 2 -microglobulin, while the filtrate contains the 
naturally processed bound peptides and other components with 
molecular weights less than about 3000. The pooled filtrate 
5 material was lyophilized in order to concentrate the peptide 
fraction. The sample was then ready for further analysis. 

For HPLC (high performance liquid chromatography) 
separation of the peptide fractions, the lyophilized sample 
was dissolved in 50 fil of distilled water, or into 0.1% 

10 trifluoracetic acid (TFA) (Applied Biosystems) in water and 
injected to a C18 reverse-phase narrow bore column (Beckman 
C18 Ultrasphere, 10 x 250 mm), using a gradient system 
described by Stone and Williams (Stone, K.L. and Williams 
K.R., in, Macromolecular Sequencing and Synthesis; Selected 

15 Methods and Applications, A.R. Liss, New York, 1988, pp. 7-24. 
Buffer A was 0.06% TFA in water (Burdick- Jackson) and buffer B 
was 0.052% TFA in 80% acetonitrile ( Burdick- Jackson ) . The 
flow rate was 0.250 ml/minute with the following gradient: 0- 
60 min., 2-37.5% B; 60-95 min. , 37.5-75% B; 95-105 min., 75- 

20 98% B. The Gilson narrow bore HPLC configuration is 
particularly useful for this purpose, although other 
configurations work equally well. 

A large number of peaks were detected by absorbance 
at 214 nm, many of which appear to be of low abundance 

25 (Fig. 3). Whether a given peak represents a single peptide or 
a peptide mixture was not determined. Pooled fractions were 
then sequenced to determine motifs specific for each allele as 
described below. 

Pooled peptide fractions, prepared as described above 

30 were analyzed by automated Edman sequencing using the Applied 
Biosystems Hodel 477A automated sequencer. The sequencing 
method is based on the technique developed by Pehr Edman in 
the 1950s for the sequential degradation of proteins and 
peptides to determine the sequence of the constituent amino 

35 acids. 

The protein or peptide to be sequenced was held by a 
12-mm diameter porous glass fiber filter disk in a heated, 
argon-purged reaction chamber. The filter was generally pre- 
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treated with BioBrene Plus™ and then cycled through one or 
more repetitions of the Edman reaction to reduce contaminants 
and improve the efficiency of subsequent sample sequencing. 
Following the pre-treatment of the filter , a solution of the 
5 sample protein or peptide (10 pmol-5 nmol range) was loaded 
onto the glass filter and dried* Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
10 apolar solvents, in which proteins and peptides are poorly 
soluble. 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion. In coupling step, 
phenyl isothiocyanate (PITC) is added. The PITC reacts 

15 quantitatively with the free amino-terminal amino acid of the 
protein to form the phenylthiocarbamyl-protein in a basic 
environment. After a period of time for the coupling step, 
the excess chemicals are extracted and the highly volatile 
organic acid, trif luoroacetic acid, TFA, is used to cleave the 

20 PITOcoupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ) derivative of 
the amino acid. The remaining protein/ peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
ATZ amino acid is extracted and transferred to a conversion 

25 flask, where upon addition of 25% TFA in water, the ATZ amino 
acid is converted to the more stable phenylthiohydantoin (PTH) 
amino acid that can be identified and quantified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a microbore C-18 reverse-phase HPLC column for the analysis. 

30 In the present procedures, peptide mixtures were 

loaded onto the glass filters. Thus, a single amino acid 
sequence usually does not result. Rather, mixtures of amino 
acids in different yield are found. When the particular 
residue is conserved among the peptides being sequenced, 

35 increased yield for that amino acid is observed. 



Example 4 

Definition of an A3 .2 specific motif 
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There is some ambiguity in the international 
nomenclature of A3 alleles. The A3. 2 allele herein is 
expressed by cell lines EHM, HO301, and GM3107. This 
particular subtype is currently referred to as the 3.2 allele 
5 (Yang, in Immunobiolocrv of hia. Vol. 1, Dupont ed. , Springer- 
Verlag, New York pp. 43-44 and 54-55, 1989), or the product of 
the A*0301 gene (its sequence corresponds to the one published 
by Strachan, et al., EMBO J. , 3:887 (1984), and has been 
verified by direct cloning and sequencing of the A3 gene found 
10 in EHM cell line. The HLA-A3.2 encoded by the A*0301 gene 

referred to in this document is the commonly expressed HLA-A3 
allelic form. 

In one case using MAT cells, pooled peptide fractions 
prepared as described in Example 3 above were obtained from 

15 HLA-A3.2 homozygous cell lines, for example, CM3107. The 

pooled fractions were HPLC fractions corresponding to 7% to 
19% CH 3 CN. For this class I molecule, this region of the 
chromatogram was most abundant in peptides. Data from 
independent experiments were averaged as described below. 

20 The amino acid sequence analyses from four 

independent experiments were analyzed and the results are 
shown in Table 5. For each position except the first, the 
data were analyzed by modifying the method described by Falk 
et al. to allow for comparison of experiments from different 

25 HLA types. This modified procedure yielded quantitative yet 
standardized values while allowing the averaging of data from 
different experiments involving the same HLA type. 

The raw sequenator data was converted to a simple 
matrix of 10 rows (each representing one Edman degradation 

30 cycle) and 16 columns (each representing one of the twenty 
amino acids; W, C, R and H were eliminated for technical 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this cycle is 
usually heavily contaminated by free amino acids.). The 

35 values of each row were summed to yield a total pmoles value 
for that particular cycle. For each row, values for each 
amino acid were then divided by the corresponding total yield 
value, to determine what fraction of the total signal is 
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attributable to each amino acid at each cycle. By doing so, 
an "Absolute Frequency" table was generated. This absolute 
frequency table allows correction for the declining yields of 
each cycle. 

5 Starting from the absolute frequency table, a 

"relative frequency" table was then generated to allow 
comparisons among different amino acids. To do so the data 
from each column was summed, and then averaged. Then, each 
value was divided next by the average column value to obtain 

10 relative frequency values. These values quant itate, in a 

standardized manner , increases and decreases per cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 
added together to generate average relative frequency values 

15 (and their standard deviations) • All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particular 
value exceeding 1.00 by more than two standard deviations is 
considered to correspond to a significant increase. 

20 The results of the foregoing analysis for HLA-A3.2 

were as follows: at position 2, a 2.2-fold increase in valine 
(V) with lesser increases (1.5-1.7) for structurally similar 
residues leucine (L) and methionine (M) . At position 3, 
tyrosine (Y) and aspartic acid (D) showed increases in 

25 frequency. At position 7 isoleucine (I) was increased, and at 
position 8 asparagine (N) and glutamine (Q) were increased. 
At positions 9 and 10, lysine (K) was increased more than 2- 
fold over the expected random yield. 

Cysteine was not modified and thus not detected. 

30 PTH-tryptophan coeluted with diphenylurea, and in some 

experiments, PTH-arginine coeluted with the major derivative 
of PTH-threonine. Therefore, cysteine and tryptophan are not 
detectable and arginine is detected only in the absence of 
threonine. 

35 Previously described MHC structures showed instances 

of critically conserved residues at position 2 (or 3) and at 
the C terminus (either position 9 or 10) . These residues are 
referred to as "conserved" residues. The modified data 
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analysis of this invention considered the conserved positions 
at the N and C terminals. 

Thus, the HLA-A3.2 motif should have position two 
occupied by V, L or M, a length of 9 or 10 amino acids, and a 
C-terminal position occupied by K. 

TABLE 5 
Summary 

HIA-A3.2 Allele-Specific Motif 

Conserved 
Position Residues 

1 - 

2 V,L,M 
15 3 Y,D 

4 
5 
6 

7 I 
20 8 Q,N 

9 K 

10 K 

Example 5 

25 Definition of HIA-Al-specif ic peptide motifs 

HLA-A1 molecules were isolated and their naturally 
processed peptides characterized, as described in Example 3 
above. In one case using MAT cells, pooled fractions 
corresponding to 19% to 50% CH 3 CN were used. As in the 

30 preceding example, residues showing at any given position 

except the first position, at least a two standard deviation 
increase over the random expected yield were identified and 
shown in Table 6. On the basis of these data, only Serine (S) 
and Threonine (T) were increased at position two. At position 

35 3, aspartic acid (D) and glutamic acid (E) were elevated and 

it 

at position 9 and 10 tyrosine (Y) showed a marked increase. 
Other increases noted were proline (P) at position 4 and 
leucine (L) at position 7. Therefore, the motifs for HLA-A1 
based on these data would have residues at position 2 occupied 
40 by S or T, a peptide length of 9 or 10 amino acids and a 
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c-terminal residue of Y. Alternatively, another motif would 
comprise a D or E at position .3 together with a C terminal 
residue of Y. 

TABLE 6 
Summary 

HIA-Al Allele-Specif ic Motif 

Position 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Example 5 

Definition of HIA-Al 1 allele-specif ic peptide motifs 

HLA-A11 motifs were defined by amino acid sequence . 
analysis of pooled HPLC fractions, in one case corresponding 
to 7% to 45% CH 3 CN of fractionated peptides eluted from 
HLA-A11 molecules purified from the cell line BVR. On the 
basis of the data presented in Table 1, a motif for All 
consists of a conserved residue at position 2 of threonine (T) 
or valine (V) , a peptide length of 9 or 10 amino acids , and a 
C-terminal conserved residue of lysine (K) . At position 3 
increases in methionine (M) and phenylalanine (F) were also 
seen and at position 8 glutamine (Q) was increased. 

TABLE 7 
Summary 

HIA-All Allele-Specif ic Motif 

Conserved 
Position Residues 

1 

2 T,V 

3 M,F 
4 



Conserved 
Residues 

S, T 

D,E 

P 



L 
Y 
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5 
6 
7 
8 
9 

10 



Q 
K 



Example 7 

Definition of HLA-A24.1 Specific Peptide Motifs 

10 HLA-A24.1 allele-specif ic motifs were defined by 

amino acid sequence analysis of pooled fractions in one case 
corresponding to 7% to 19% CH 3 CN of HPLC fractionated peptides 
eluted from HLA-A24.1 molecules purified from the cell line 
KT3. On the basis of the data presented in Table 8 a motif 

15 for HLA-A24.1 consists of a conserved residue at position 2 
occupied by tyrosine (Y) , a peptide length of 9 or 10 amino 
acids, and a C-terminal conserved residue of phenylalanine (F) 
or leucine (L) . Increases were also observed at several other 
positions: isoleucine (I) and methonine (M) at position 3; 

20 aspartic acid (D) , glutamic acid (E) , glycine (6) , lysine (K) 
and proline (P) at position 4; lysine (K) , methonine (M) and 
asparagine (N) at position 5; valine (V) at position 6; 
asparagine (N) and valine (V) at position 7; and, alanine (A), 
glutamic acid (E) , lysine (K) , glutamine (Q) and serine (S) at 

25 position 8. Table 8 

Summary 

HIA-A24.1 Allele-Specific Motif 

Conserved 

30 Position Residues 

1 
2 
3 

35 4 

5 
6 
7 



Y 

I,M 

D,E,G,K,P 
L,M,N 
V 

N f V 
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A,E,K,Q,S 
F,L 
F,A 

Example 9 

Identification of imm unogenic peptides 
Using the motifs identified above for various MHC 
class I allele amino acid sequences from various viral and 
tumor-related proteins were analyzed for the presence of these 
motifs. Sequences for all of the target antigens were 
obtained from the GenBank data base (Release No. 71.0; 3/92). 
The identification of motifs was done using the "FINDPATTERNS" 
program (Devereux, Haeberli and Smithes (1984). Nucleic Acids 
Research 12X11; 387-395) . 

The amino acid sequence or the nucleotide sequence 
encoding products was obtained from the GenBank database. In 
the cases of Human Papilloma Virus (HPV) , Prostate Specific 
antigen (PSA) , p53 oncogene, Epstein Barr Nuclear Antigen- 1 
(EBNA-1), and c-erb2 oncogene (also called HER-2/neu) , and 
Melanoma Antigen-l (HAGE-1) , a single sequence exists. 

In the cases of Hepatitis B Virus (HBV) , Hepatitis C 
Virus (HCV) , and Human Immunodeficiency Virus (HIV) several 
strains/ isolates exist and many sequences have been placed in 
GenBank. 

For HBV, binding motifs were identified for the adr, 
adw and ayw types. In order to avoid replication of identical 
sequences, all of the adr motifs and only those motifs from 
adw and ayw that are not present in adr were added to the list 
of peptides. 

In the case of HCV, a consensus sequence from residue 
1 to residue 782 was derived from 9 viral isolates. Motifs 
were identified on those regions that had no or very little 
(one residue) variation between the 9 isolates. The sequences 
of residues 783 to 3010 from 5 viral isolates were also 
analyzed. Motifs common to all the isolates were identified 
and added to the peptide list. 

Finally, a consensus sequence for HIV type 1 for 
North American viral isolates (10-12 viruses) was obtained 



8 
9 

10 
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from the Los Alamos National Laboratory database (May 1991 
release) and analyzed in order to identify motifs that are 
constant throughout most viral isolates. Motifs that bear a 
small degree of variation (one residue, in 2 forms) were also 
5 added to the peptide list. 

Several motifs for each allele shown below were used 
to screen several antigens. Protein E6 of human papilloma 
virus (HPV) type 16 using motifs from all of the alleles 
disclosed above are shown (Table 9) . Protein E7 of HPV type 

10 18 was also searched for motifs from all alleles (Table 9) 
Melanoma antigens MAGE 1, 2 and 3 were searched for motifs 
from all alleles (Table 10) . The antigen PSA was searched for 
motifs from all alleles (Table 11) . Finally, core and 
envelope proteins from hepatitis c virus were also searched 

15 (Table 12) . in the tables and the description of the motifs, 
the conventional symbol letter for each amino acid was used. 
The letter "X M represents a wild card character (any amino 
acid) . 

The following motifs were screened in the present 

20 search: 

For HLA-Al fA*01011- 

1 XSXXXXXXY 

2 XSXXXXXXXY 
25 3 XTXXXXXXY 

4 XTXXXXXXXY 

5 XXDXXXXXY 

6 XXDXXXXXXY 

7 XXEXXXXXY 
30 8 XXEXXXXXXY 

1 

For HLA-A3 . 2 fA»030H 

1 XVXXXXXXK 

2 XVXXXXXXXK 
35 3 XLXXXXXXK 

4 XLXXXXXXXK 

5 XMXXXXXXK 

6 XMXXXXXXXK 
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For HIA-A11 f A*1-10H r 

1 XTXXXXXXK 

2 XTXXXXXXXK 

3 XVXXXXXXK 

4 XVXXXXXXXK 

For HIA-A24.1 fA»2401)i 

1 XYXXXXXXF 

2 XYXXXXXXXF 

3 XYXXXXXXL 

4 XYXXXXXXXL 



Peptides with MHC Class I Binding Motifs Table 9 
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AA Position 



Sequence 



10 



15 



20 



30 IHDIILECVY 
69 VCDKCLKFY 
77 YSKISEYRHY 
80 ISEYRHYCY 

92 GTTLEQQYNK 

93 TTLEQQYNK 
106 LLIRCINCQK 

2 HGDTPTLHEY 
16 QPETTDLYCY 
44 QAEPDRAHY 
89 IVCPICSQK 

3 RFEDPTRRPY 

4 FEDPTRRPY 
25 LQDIEITCVY 
4 1 LTEVFEFAFK 
72 YSRIRELRHY 
84 SVYGDTLEK 

101 LLIRCLRCQK 
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Antigen 



HLA molecule 



HPV16.E6 
HPV16.E6 
HPV16.E6 
HPV16.E6 
HPV16.E6 
HPV16.E6 
HPV16.E6 



Al 

Al 

Al 

Al 

All 

All 

A3 



HPV16.E7 
HPV16.E7 
HPV16.E7 
HPV16.E7 



Al 
Al 
Al 

A3, All 



HPV18.E6 
HPV18.E6 
HPV18.E6 
HPV18.E6 
HPV18.E6 
HPV18.E6 
HPV18 . E6 



Al 

Al 

Al 

All 

Al 

A3, All 
A3 



25 



Human 



59 HTMLCMCCK HPV18.E7 All 

Papilloma Virus.- 16 and 18 (E6 and E7 Proteins) 
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Peptides with MHC Class I Binding Motifs Table 10 



AA Position 



Sequence 



Antigen 



HLA molecule 



10 



15 



2 SLEQRSLHCK 
96 SLFRAVITK 
96 SLFRAVITKK 
108 DLVGFLLLK 
128 MLESVIKNYK 
128 MLESVIKNY 
152 QLVFGIDVK 
161 EADPTGHSY 
182 LLGDNQIMPK 
215 WEELSVMEVY 
223 VYDGREHSAY 

238 LLTQDLVQEK 

239 LTQDLVQEK 

239 LTQDLVQEKY 

240 TQDLVQEKY 



MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 

MAGE 1 



A3 

A3 

A3 

A3 

A3 

Al 

A3 

Al 

A3 

Al 

Al 

A3 

All 

Al 

Al 



20 



Melanoma Antigen MAGE 1 
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Peptides with MHC Class I Binding Motifs Table 11 



AA Position Sequence Antigen HLA molecule 

21 IVGGWECEK PSA A3, All 

57LTAAHCIRNK PSA All 

88 VSHSFPHPLY PSA Al 

95 PLYDMSLLK PSA A3 

178 DVCAQVHPQK PSA A3, All 

182 QVHPQKVTK PSA A3, All 

236 PSLYTKWHY PSA Al 

239 YTKWHYRK PSA All 

241 KWHYRKWIK PSA A3, All 

242 WHYRKWIK PSA A3, All 



Prostate Specific Antigen (PSA) 
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Peptides with MHC Class I Binding Motifs Table 12 
AA Position Sequence Antigen HLA molecule 



2 STNPKPQRK 


HCV 


All 


14 NTNRRPQDVK 


HCV 


All 


43 RLGVRATRK 


HCV 


A3 


302 VQDCNCSIY 


HCV 


Al 


556 WMNSTGFTK 


HCV 


A3 


605 LTPRCMVDY 


HCV 


Al 


626 FTIFKIRMY 


HCV 


Al 



15 



Hepatitis C Virus (Consensus Sequence) 
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Quantitative HIA class I binding assay 
To verify that mot if -containing peptide sequences are 
indeed capable of binding to the appropriate class I 
5 molecules , specific binding assays were established. HLA-A3.2 
molecules v were purified from GM3107 EBV cells by affinity 
chromatography using the GAPA3 mAb (anti-A3) to isolate A3. 2. 
Prior to the step, the lysate was depleted of HLA B and C 
molecules by repeated passages over a Bl.23.2 column (this 
10 antibody is B,C specific) generally as described in Example 2, 
above* 

As a radiolabeled probe, the peptide 941.12 
(KVFPYALINK) , containing an A3. 2 motif, was used. This 
peptide contains the anchor residues V 2 and K 10 , associated 
15 with A3.2-specif ic binders, described above. A Y residue was 
inserted at position 5 to allow for radiolodination. Peptides 
were' labeled by the use of the Chloramine T method Buus et 
al., Science 235:1352 (1987), which is incorporated herein by 
reference. 

20 A dose range of purified A3 .2 was incubated with 10 

nM of 941.12 at pH 7.0 and 23 °C, in presence of a protease 
inhibitor cocktail (1 mM PMSF, 1.3 mM 1.10 phenanthroline, 73 
MM pepstatin A, 8 mM EDTA, and 200 MM N a p -tosyl-L- lysine 
chloromethyl ketone (TLCK) ) , in presence of 1 mM purified 

25 human 02 microglobulin. After two days, the % bound 

radioactivity was measured by gel filtration over TSK 2000 
columns as previously described for class II peptide binding 
assays in Sette et al., in Seminars in Immunology. Vol. 3, 
Gefter, ed. (W.B. Saunders, Philadelphia, 1991), pp 195-202, 

30 which is incorporated herein by reference. (see, Fig. 4). 

Good binding (in the 60 to 100% range) was observed for A3. 2 
concentrations ranging between 35 and 300 nM. 30% binding was 
observed at 15 nM A3. 2. 

To minimize A3. 2 usage and to increase the 

35 sensitivity of the assay, a concentration of 5-10 nM A3. 2 was 
selected for further assays. In the experiment shown in Fig. 
5, 7nM A3. 2 and an equivalent concentration of radiolabeled 
941.12 were incubated using the conditions described above and 
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in the presence of a dose range of three peptides (HBc 18*27 
(924.07), a Prostate Specif ic Antigen peptide (939.01), and 
HIV nef 73-82 (940.03)). It was found that peptide 940.03 
inhibited strongly, with a 50% inhibitory concentration 
5 (IC50%) of 22 nM, while a weaker inhibition was observed with 
peptide 939.01 (IC50% 940 nM) . Finally, peptide 924.07 did 
not show any inhibition up to the 30 /iM level. Thus, it is 
concluded that peptides 940.03 and 939.01 are high and 
intermediate affinity binders, respectively, while peptide 

10 924.07 is classified as a low affinity or negative binder. 

Throughout this disclosure, results have been 
expressed in terms of IC50's. Given the conditions in which 
the assays are run (i.e., limiting MHC and labeled peptide 
concentrations) , these values approximate K D values. It 

15 should be noted that IC50 values can change, often 

dramatically, if the assay conditions are varied, and 
depending on the particular reagents used (e.g., Class I 
preparation, etc.). For example, excessive concentrations of 
MHC will increase the apparent measured IC50 of a given 

20 ligand. 

An alternative way of expressing the binding data, to 
avoid these uncertainties, is as a relative value to a 
reference peptide. The reference peptide is included in every 
assay. As a particular assay becomes more, or less, 

25 sensitive, the IC50 9 s of the peptides tested may change 

somewhat. However, the binding relative to the reference 
peptide will not change. For example, in an assay run under 
conditions such that the IC50 of the reference peptide 
increases 10-fold, all IC50 values will also shift 

30 approximately 10-fold. Therefore, to avoid ambiguities, the 
assessment of whether a peptide is a good, intermediate, weak, 
or negative binder should be based on it's IC50, relative to 
the IC50 of the standard peptide. 

If the IC50 of the standard peptide measured in a 

35 particular assay is different from that reported in the table, 
then it should be understood that the threshold values used to 
determine good, intermediate, weak, and negative binders 
should be modified by a corresponding factor. For example, if 
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in an A2.1 binding assay, the IC50 of the A2.1 standard 
(941.01) were to be measured as 8 nM instead of 5 nM, then a 
peptide ligand would be called a good binder only if it had an 
IC50 of less than 80 nM (i.e., 8nM x 0.1), instead of the 
usual cut-off value of 50 nM. 

The experimental system herein described can be used 
to test binding of large numbers of synthetic peptides to a 
variety of different class I specificities. Specific binding 
assays can be performed as follows. 

HIA-All-SPecifie assay 

The cell line BVR was used as a source of HLA. The 
dependency of the binding on MHC concentration in presence or 
absence of 0 2 M are shown in Fig. 6, while Fig. 7 depicts the 
dose dependency of the inhibition by excess unlabeled ligand. 
Finally, Fig. 8 shows a Scatchard analysis experiment. Values 
of apparent kD of -6 nM and of 10% active receptor were 
obtained, and were remarkable for their similarity to the 
values obtained for A2.1 and A3. 2. The sequence of the peptide 
used as a radiolabeled probe (940-06) is AVDLYHFLK. 

HLA-Al-SPecific assay 
In this case, the EBV cell line Steinlin was used as 
a source of purified HLA. The same protocol previously 
applied to purification of other HLA alleles (i.e., depletion 
of B, c molecules by a Bl.23.2 mAb column, followed by 
purification of A molecules by means of a W632 mAb column) was 
utilized. On the basis of the pool sequencing data, consensus 
peptides were synthesized, directly radiolabeled, and tested 
for HLA binding using the standard protocol (1 mM 0^, 2 days 
RT incubation in presence of protease inhibitors) . A graph 
illustrating the relationship between % binding and \as. input 
..HLA Al is shown in Fig. 9. From the data, it was concluded 
that in analogy with what was observed for HLA A2, 3, and 11, 
as little as 30 nM are sufficient to obtain "10% binding. The 
sequence of the peptide used as a radiolabeled probe (944.02) 
is YLEPAIAKY . In the next set of experiments, the specificity 
of the assay established was verified by its inhabitability by 
excess unlabeled peptide. The IC50% was measured (Fig. 10) as 
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120 nM. Further Scatchard analysis (Fig. 11) verified that 
the apparent K D of the interaction corresponded to 21 nM, with 
a % of active receptor corresponding to 5.1%. 

5 HLA-A24 specific assay 

HLA A24 molecules were purified from the KT3 EBV cell 
line. In this case, two consensus peptides whose sequences 
were based on the pool sequencing data have been synthesized. 
Their sequences are: 979-01, AYIDNVYKF and 979.02, AYIDNYNKF. 

10 The results of experiments in which the % bound of these two 
peptides as a function of input MHC was measured are shown in 
Fig. 12. In both cases, 10-15% binding was obtained with as 
little as 20-50 nM MHC. Cold inhibition experiments (Fig. 
13), limiting MHC concentrations, revealed that the binding 

15 was readily inhibitable by excess unlabeled peptide, with an 
apparent Kq of 30 and 60 nM, respectively. Further Scatchard 
experiments verified values of 136 nM and 28 nM, respectively. 
The apparent % of available receptor (active MHC) were 8.3% 
and 7.4%, respectively (Fig. 9a and b) . On the basis of these 

20 data, peptide 979.02 was arbitrarily selected as standard 

label indicator for A24 assays. Furthermore, on the basis of 
the data herein described, we also conclude that the goal of 
establishing an A2 4 -specific binding assay has been 
accomplished. In conclusion, specific assays for the five 

25 major HLA alleles have been described. 

Example 10 
Expansion of HIA a MntHfg 
Establishing in vitro binding assays allows one to 
30 readily quantitate in vitro the binding capacity of various 

synthetic peptides to the various alleles of interest (HLA Al, 
A2, A3, All, and A24). This allows verification of the 
correctness of the motifs by means of peptides carrying the 
various HLA A motifs for their capacity to bind purified HLA 
35 molecules. Typically, peptides were synthesized with specif ic 
HLA motifs embedded in a neutral backbone composed of only 
alanine residues. In some cases, a K residue was also 
introduced within the sequence, with the purpose of increasing 
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solubility. The use of such "neutral" poly A backbones, as 
applied to the case of class II molecules , has been described 
in detail, for example, by Jardetzky et al. (Jardetzky et al., 
EMBO J. 9(6) : 1797, 1990) . 

For example, in the case of A3. 2, a motif has been 
defined with a hydrophobic residue in position 2 and a 
positive charge (K) in position 9. Thus, to verify that the 
presence of these two anchor residues would allow, in the 
context of a poly A backbone, for A3. 2 binding, the poly A 
analog with the sequence AHAAAAAAK was synthesized (Table 13) . 

Similarly, other peptides carrying other HLA motifs 
were also synthesized and tested for HLA binding, it was 
found that in all cases, the presence of the specific HLA 
motifs was conducive to binding to the relevant HLA allele, 
with estimated K D comprised of between 125 and 2.8 nM. In 
most cases, the, binding was also absolutely specific, in that 
no binding was detected to irrelevant alleles. Only two 
exceptions to this general rule were observed. Firstly, A3 
and All peptides crossreacted extensively with each other, 
perhaps as could have been expected by the fact that the 
motifs for these two alleles are remarkably similar. Second, 
some Al peptides crossreacted, albeit with much lower 
affinities, on All and A3. 2. 

To further define the structural requirements for the 
interaction between peptide epitopes and various class I 
alleles of interest, analogs of 10 residues in length of some 
of the 9 residue peptides shown in Table 13 were synthesized 
(Table 14) . These analogs were generated by inserting an 
additional Ala residue within the poly A backbone, so that the 
anchor residues are not located in positions 2 and 10 (as 
opposed to 2 and 9 in the previous Table) . The results 
obtained illustrate that motif s of 10 residues are also 
capable of specifically binding to the relevant class I 
alleles, albeit with a slightly lower efficiency. 

In summary, these data confirm that both 9-mer and 
10-mer peptides which contain the appropriate motifs can bind 
HLA. On the basis of these data, 8-mer or 11-mer peptides 
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should also be capable of binding, even if perhaps with lover 
affinities. 

The data described above show that the presence of 
certain residues in the anchor positions does allow (at least 
5 in a "neutral" poly A backbone) for HLA binding. To 

investigate to what degree other amino acids (for example, 
chemically related amino acids) might be tolerated in these 
crucial anchor positions, analogs of some of the poly A 
peptides from Table 13 were synthesized, in which the residue 

10 present in position 2 (or 3) or 9 was varied. The results of 
this analysis are shown in Tables 15*19. 

In the case of A3. 2 (Table 15), in position 2, L, M, 
I, V, S, A, T, and F were found to be preferred (binding £ 0.1 
relative to previously defined anchor residues) , while C, G, 

15 and D were permitted (binding i 0.01 to 0.1 relative to 

previously defined anchor residues) . The substiution of E, 
because of its similarity to D, in this position should also 
be tolerated. In position 9, K, R, and Y were preferred. 
Because of a similarity in nature, that H and F should also be 

20 preferred. No other residue was tolerated in position 9 for 
A3 binding. 

In the case of All (Table 16), the preferred residues 
in position 2 were L, M, I, V, A, S, T, G, N (L and Q by 
similarity). Tolerated were c, F, D (and E by similarity). 

25 In position 9, K was preferred and R was tolerated. H should 
also be tolerated by similarity. 

In the case of A24 (Table 17) , Y and F were preferred 
in position 2 (and W by similarity) ; no other residue was 
tolerated. In position 9, F, I, and L were preferred (and W 

30 and M by extension) . No other residue was tolerated. 

In the case of Al, three different anchor residues 
had previously been defined. The results shown in the 
preceding section show that they act independently of each 
other (i.e., that two out of three anchors would be sufficient 

35 for binding). This is indeed the case. For this reason, 

analogs containing two anchors were synthesized to define what 
residues might be preferred or tolerated in each position. 
The data shown in Table 18 show that in position 2, T, S, and 
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M are preferred, and no other residue is tolerated. In 
position 3 (Table 19) , D and E are preferred, and A,S (and T 
by similarity) are tolerated. Finally, in position 9, only Y 
is preferred, and no other residue appears to be tolerated 
(Table 19) . 

Thus, on the basis of the data, it is concluded that 
peptides carrying any combination of two preferred residues 
can bind. Peptides containing n imperfect " motifs, i.e., 
carrying a preferred residue at one position and a tolerated 
one at the other anchor position, should also be capable of 
binding, even if with somewhat lower affinity. Using the 
motifs of this invention for various MHC class I alleles amino 
acid sequences from various viral and tumor-related proteins 
were analyzed for the presence of motifs. The results of this 
motif analysis is shown in Table 23 a - k. 

Example 11 

Validation Of HLA Peptide Binding Motifs wi t h an Unbiased 

of HPV 16 Peptic. 
Human Papillomaviruses (KFVs) are implicated in the 
etiology of cervical cancer (Pfister, H. (1974) Biology and 
biochemistry of papillomaviruses, Rev. Physiol. Biochem. 
99:111; zur Hausen, H. (1991). Human papillomaviruses in the 
pathogenesis of anogenital cancer. Virology. 184:9) and in up 
to 10% of total mortality due to cancer worldwide (zur Hausen, 
H. (1991). Viruses in Human Cancers. Science, 254:1167). 
Cervical cancer is the second most common cause of 
cancer-related death in females worldwide (Parkin, D. M. , 
Laara, E., and Muir, C. S. (1988), Estimates of the worldwide 
frequency of sixteen major cancers in (1980). Int. J. Cancer. 
41:184). HPV DNA is present in more than 90% of the cervical 
carcinomas and predominantly of the HPV 16 genotype (Resnick, 
R. M. , Cornel issen, M. T., Wright, D, K. , Eichinger, G. H. , 
Pox, H. S., ter Schegget, jr., and Manos, M. M. (1990). 
Detection and typing of human papillomavirus in archival 
cervical cancer specimens by DNA amplification with consensus 
primers. J. Natl. Cancer Inst; Van den Brule, A. J. c. , 
Walboomers, J. M. M. , du Maine, M. , Kenemans, P., and Meijer, 
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C. J. L. M. (1991). Difference in prevalence of human 
papillomavirus genotypes in cyt6morphologically normal smears 
is associated with a history of cervical intraepithetal 
neoplasia. Jnt. J. Cancer* 48:404). The ability of HPV 16 
5 early region 6 and 7 (E6, E7) open reading frames to in vitro 
immortalize rodent cells (Yasumoto, S., Burkhardt, A.L., 
Doniger, J. , and DiPaolo, J. A. (1986). Human Papillomaviruses 
type 16 DNA induced malignant transformation of NIH3T3 cells. 
J • Virol. 57:572) and human keratinocytes (Pirisi. L. , 

10 Yasumoto, S., Feller, M. , Doniger, J. r and DiPaolo, J. A. 
(1987). Trans-formation of human fibroblasts and 
keratinocytes with human papillomavirus type 16 DNA. J. 
Virol, 61:1061) and to transform human fibroblasts (Smits, H. 
L., Raadsheer, £• , Rood, I., Mehendale, S., Slater, R, M. , van 

15 der Noordaa, J., and ter Schegget, J. (1988). Induction of 
anchorage-independent growth of human embryonic fibroblasts 
with a deletion in the short arm of chromosome 11. j 9 Virol. 
62:4538) suggests direct involvement of HPV 16 in the 
multi-step process of cervical carcinogenesis, 

20 In general T cell immunity, in particular mediated by 

cytotoxic T lymphocytes (CTL) is important in the defense 
against virus-induced tumors (Melief, C. J. (1992). Tumor 
eradication by adoptive transfer of cytotoxic T lymphocytes. 
Adv. Cancer Res. 58:143; Melief, C. J., and Kast, W. M. 

25 (1992). Lessons from T cell responses to virus induced tumors 
for cancer eradication in general. Cancer Surv. 13:81). 
Recently in a mouse model, it was reported that some degree of 
protection against HPV 16 E7 expressing tumors can be obtained 
with CTL after immunization with HPV 16 E7 expressing cells 

30 (Chen. L., Thomas, E, K» , Hu, S. L. , Hellstrbm, I., and 
Hellstrom, K. E. (1991) • Human papillomavirus type 16 
nucleoprotein E7 is a tumor rejection antigen. Proc. Natl. 
Acad. Sci. 88:110; Chen, L. , Ashe, S., Brady, W. A. , 
Hellstrom, I., Hellstrom, K. E. , Ledbetter, J. A,, McGowan, 

35 p., and Linsley, P. S. (1992). Costimulation of Antitumor 
immunity by the B7 counterreceptor for the T lymphocyte 
molecules CD28 and CTLA-4. Cell. 71:1093). In vivo 
protection by CTL was recently shown in mouse models in which 
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synthetic peptides containing CTL epitopes were used for 
efficient priming of mice against virus infections (Schulz, 
M., Zinkernagel, R. M. , and Hengarter, H. (1991). 
Peptide-induced antiviral protection by cytotoxic T cells. 
Proc. Natl. Acad. Sci. USA 88:991; Kast, W. M. , Roux, L. , 
Curren, J., Blom, H. J. J., Voordouv, A. C. , Meleon, R. H., 
Kolakofski, D., and Melief , c. J. M. (1991). Protection 
against lethal Sendai virus infection by in vivo priming of 
virus-specific cytotoxic T lymphocytes with an unbound 
peptide. Proc. Natl. Acad. Sci. USA. 88:2283). Moreover in a 
mouse model it has now been shown that complete protection 
against HPV 16 induced tumors can be achieved by peptide 
vaccination with a CTL epitope derived from the viral oncogene 
E7(). 

The HPV 16 E6 and E7 gene products are the most 
desirable target antigens for vaccination against HPV 16 
induced tumors. Both are retained and highly expressed in HPV 
16-transformed cancer cells in vivo (Baker, c. J., Phelps, W. 
C, Lindgren, V., Braun, M. J., Gonda, M. A. , and Howley, P. 
M. [1987]. Structural and transcriptional analysis of human 
papillomavirus type 16 sequences in cervical carcinoma cell 
lines. J. Virol. 61:962; SmotJcin, D. , and Wettstein, P. 0. 
[1986]. Transcription of human papillomavirus type 16 early 
genes in a cervical cancer and cancer-derived cell line and 
identification of the E7 protein. Proc. Natl. Acad. sci. USA. 
83:4680) and involved in the induction and maintenance of 
cellular transformation in vitro (Crook, T. , Morgenstern, J. 
P., Crawford, L., and Banks, L. [1989]. Continued expression 
of HPV-16 E7 protein is required for maintenance of the 
transformed phenotype of cells co-transformed by HPV-16 plus 
EJ ras. EHBO J. 8:513; Hawley-Nelson, P., Vousden, K. H. , 
Hubbert, N. L. , Lowy, D. R. , and Schiller, J. T. [1989]. HPV 
16 E6 and E7 proteins cooperate to immortalize human foreskin 
keratinocytes. EHBO J. 8:3905). Dependence of in vitro growth 
of cell lines derived from cervical cancers on the expression 
of E6 and E7 emphasizes involvement of these oncogenes in 
maintenance of the phenotype of cervical carcinoma cell lines 
(Von Knebel Doeberitz, M, , Bauknect, T. , Bartch, D., and zur 
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Hausen, H. [1991]. Influence of chromosomal integration on 
glucocorticoid-regulated transcription of growth-stimulation 
papillomavirus genes E6 and E7 in cervical carcinoma cells. 
Proc. Natl. Acad. Sci. USA. 88: 1411). To determine the CTL 
5 epitopes and potential vaccine candidates of HPV 16 for 

humans, we screened peptides spanning the HPV 16 E6 and E7 
protein sequences for their ability to bind to the most 
frequent human MHC molecules, namely HLA-A1, A3. 2, All. 2 and 
A24. Combined these five alleles will cover about 90% of the 
10 world population (Dupont, B., ed. [1987]. Immunology of HLA 
Vol. i — Histocompatibility Testing. Springer-Verlag, New 
York) . 

A complete set of 240 overlapping synthetic peptides 
of 9 aa length and 8 aa overlap covering the entire HPV 16 E6 
15 and E7 oncogene sequences were synthesized. The peptides were 
tested for their ability to bind the aforementioned HLA 
molecules in the binding assay described above. The results 
of this analysis show the relative affinity of all peptides 
for the respective HLA alleles and reveal the possible 
candidate CTL epitopes for use in peptide based vaccines for 
humans in Tables 20 (a) -(d). 

The results confirm that peptide binding motif 
described in this invention for the aforementioned HLA alleles 
predict which peptide of a protein is likely to bind into the 
groove of a specified HLA molecule, since we used a large and 
unbiased set of peptides, the results of the peptide binding 
analyses were used to evaluate the value of these motifs both 
for their predictive capacities and the necessity to have 
particular anchor aa residues on positions 2, (3) and 9 in a 
30 peptide. 

Peptides. Peptides were generated by solid phase 
strategies on a multiple peptide synthesizer (Abimed AMS 422) 
by repeated cycles in which addition of Fmoc protected amino 
acids to a resin of polystyrene was alternated with a 
35 Fmoc-deprotection procedure (Gausepohl, H. , Kraft, M. , Boulin, 
Ch., and Frank, R. w. [1990]. Automated multiple peptide 
synthesis with BOP activation, in Proc. of the llth American 
peptide symposium. J. e. Rivier and G. R. Marshall, Ed. 
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ESCOM, Leiden. 1003-1004). The peptides all carrying a COOH 
group at the C-terminal end, were cleaved from the resin and 
side chain protective groups were removed by treatment with 
aqueous TEA. Peptides were analyzed by reversed phase HPLC 
lyophilized and dissolved at a concentration of l mg/ml in 
phosphate-buffered saline with 3% DMSO (Sigma, St. Louis, MO 
63175) before use. Once dissolved, the peptides were stored 
at -70" c. since cysteine containing peptides are susceptible 
to (air) oxidation during synthesis and handling, these 
peptides were synthesized with an alanine instead of a 
cysteine. 

Identification of peptides from HPV 16 E6 and E7 
proteins that bind to different HLA-A alleles. A complete set 
of 240 peptides of 9 aa in length and overlapping by 8 aa, 
covering the sequences of the entire HPV 16 E6 and E7 
]proteins, was tested for binding to 5 different HLA-A 
molecules . 

The results of this analysis are depicted in Tables 
20(a)-(d). Table 20(a) describes the peptides of HPV 16 that 
20 bound to HLA-AL molecules. All peptides were tested. Listed 
are only peptides yielding ratio values of * 0.001. It can be 
seen that 2 peptides bound with high affinity to this molecule 
<>0.1), 6 with intermediate affinity (O.l-o.oi) and l with low 
affinity (0.01-0.001). Peptides were ranked by ratio value to 
allow comparison of data obtained in different experiments. 
To calculate the concentration of a peptide necessary to yield 
a 50% inhibition dose (ic 50 ) one has to divide the value of 
the standard ic 50 by the ratio. For example, peptide E6-80 
has an IC 50 of 23 nM (81/3.5). 

Table 20(b) describes the peptides that bound to HLA- 
A3.2 molecules. Seven peptides were identified as high 
affinity binders, 6 as intermediate affinity binders and 13 as 
low affinity binders. Table 20(c) describes the peptides that 
bound to HLA-All.2 molecules, six high affinity peptides were 
identified, 4 intermediate affinity binders and 10 low 
affinity binders. Two high affinity binding peptides (E6-59 
IVYRDGNPY and E6-80 ISEYRHYAY) and two weak affinity binding 
peptides with a Y at the 9th position (E6-42 QQLLRREvy, E6-69 
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VADKALKFY) were identified for HLA-A11.2 Considering the high 
binding strength of the first two peptides and the similarity 
between the HLA-All.2 motif and the HLA-A3.2 motif in which 
Y's are preferred at the 9th aa position, tyrosines should be 
5 included at the 9th position in the HLA-All.2 motif. Comparing 
Tables 21(b) and (c) it is clear that there is a large overlap 
of peptides that bound to both A3. 2 and All. 2 molecules. 
Eighteen out of 28 E6 and E7 peptides binding to these two HLA 
molecules overlapped and only 8 peptides were unique for HLA- 
10 A3. 2 and 2 peptides unique for HLA-All.2. 

Finally, Table 20(d) describes the peptides that 
bound to HLA-A24 molecules. Here 2 peptides were identified 
as high affinity binding peptides, 5 as intermediate affinity 
binding peptides and 5 as low binding peptides. One high 
affinity peptide (E6-72 KALKFYSKI) and one intermediate 
affinity peptide (E7-49 RAHYNIVTF) were identified, indicating 
that an A at the second position should be allowed in the HLA- 
A24 motif. All these inclusions are indicated in Table 20-e. 
In analyzing these tables it can be concluded that between 2 
and 7 high affinity binding peptides were identified for all 
of the tested HLA-A molecules. Occasionally some peptides 
were binding to more alleles. Three peptides (E6-7, E6-37 and 
E6-79), bound to HLA-A2.1, A3. 2 and A11.2. One peptide (E6- 
38) bound to HLA-A3.2, All. 2 and A24 and two peptides (E6-69 
25 and E6-80) bound to HLA-A1, A3. 2 and All. 2. But these 

crossreactive peptides bound only weakly to one or more of the 
different HLA molecules, in general, however, it can be 
concluded that, except for HLA-A3.2 and HLA-All.2 molecules, 
almost all HLA molecules bind unique peptides. 
30 Validation of HLA-A peptide binding motifs with an 

unbiased set of BPV 16 E6 and B7 peptides. 

We analyzed how well the motifs for anchor positions 
described in this invention predicted the binding of a 
peptide, and also the reverse: how well binding peptides 
35 followed the identified motifs. For this, peptides were 

ranked as high binders, intermediate binders, weak binders, 
and negative binders and for each peptide the motif prediction 
based on the anchor motif rules of Table 6 were analyzed. The 
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overall efficiency of the 2, (3), and 9 anchor motifs was then 
calculated and this is summarized in Table 20(e). it can be 
concluded that the motif described above for the different 
HLA-A molecules are quite accurate, one hundred percent of 
the HLA-A1, A3. 2, and A24 high binders would be predicted as 
well as 67% of the HLA-li.2. Even for the intermediate 
binders between 40 and 100% would be predicted depending on 
the HIA-A molecule analyzed. Furthermore, the percent of weak 
binding peptides that would be predicted is low and the 
percent of those peptides that were predicted to bind but 
actually did not bind is very low for all these alleles. 

Analyzed differently, of the 12 peptides predicted to 
bind to HLA-A1 actually 5 bound with high or intermediate 
affinity. This indicates that only a few peptides would have 
to be made to find these potential CTL epitopes. The figures 
for HLA-A3.2, All. 2, and A24 were 10/32, 7/26, and 4/7, 
respectively. This implies that the predictive value for all 
of these alleles is good. Besides a small number of peptides 
that had not been predicted by the recently described motifs, 
the (-) in Tables 21(a) - (d) , a number of peptides that were 
predicted by the 2, (3) and 9 anchor motifs did not bind, 
indicating that having the right anchor residues is not always 
sufficient for binding and implicating that non-anchor 
residues can make negative contributions to the binding of a 
25 peptide. 

Example 1? 

Presence of a MntHf j a Neegg^ rv B „» ^ 
Sufficient for High Affinity n»«« i ^ n ^ vn 
To investigate further how the presence of different 
motifs might influence the capacity of different peptides to 
bind to the relevant HLA alleles, the sequences of various 
potential target molecules were scanned for the presence of 
motif-containing peptides." The peptides thus identified were 
synthesized and tested for binding, it was found (Table 20) 
that in the case of A3. 2, only 39 (19%) of the 205 peptides 
bound with high affinity in the 1 to 50 nM range. 22.4% of 
them bound with intermediate affinities (in the 50 to 500 nM 
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range), while 34.6% bound weakly (in the 500 nM to 50 
range). Finally, 23.9% of them did not bind at all, at least 
up to the 50 /jM level. In the case of All, 33 (33%) of the 
100 peptides bound with high affinity in the 1 to 50 nM range. 
35% of them bound with intermediate affinities (in the 50 nM 
range.), while 24% bound weakly (in the 500 nM to 50 pM 
range). Finally, 8% of them did not bind at all, at least up 
to the 50 MM level. 

Similar results were also obtained (data not shown) 
in the case of Al and A24. 

The same type of analysis were also performed in the 
case of lo-mer peptides carrying either the A3 . 2 , and All 
motifs (Tables 22(a) and (b) ) . it was found that in these 
cases, the frequency of good binders was even lower (17.5%, 
and 29.8%, respectively). These data confirm the fact that 
motif -containing 10-mer peptides can indeed bind, albeit with, 
in general, reduced affinity. 

In summary, the data shown in this section clearly 
show that the presence of the correct anchor residues is not 
sufficient per se to allow for good HLA binding, it is thus 
apparent that the nature of the residues contained in 
positions other than 2(3) and 9 (or 10) can influence binding. 
The most likely explanation of this observation is that the 
presence of certain residues (in positions other than 2 and 9) 
can negate or increase the binding potential of a peptide 
determinant. 

The data shown in the preceding sections describe how 
specific binding assays can be used to identify, within motif - 
containing peptides, peptides that are immunogenic. We also 
wanted to devise an alternative strategy, namely to derive 
procedures that would be able to predict, within motif - 
containing peptides, which peptides might be good or 
intermediate binders and thereby might be immunogenic, in 
other experiments not shown' intermediate or good binders have 
been shown to be immunogenic. In particular, to identify 
residues that have a negative impact on binding an analysis of 
all positions for A3. 2, All, and all motif -containing 
peptides, both 9-mers and 10-mers is carried out. in the case 
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of All, because of the small occurrence of nonbinding 
peptides, a different cutoff was used such that the analysis 
compares good and intermediate binders on the one hand to weak 
and nonbinders on the other. 

Example 13 

Algorithms to Identify Immunogenic Peptide^ 
In light of results presented in Example 13 above, 
algorithms are developed to provide a more exact predictor of 
binding based upon the effects of different residues at each 
position of a peptide sequence, in addition to the anchor or 
conserved residues. More specifically, we utilize the data 
bank obtained during the screening of our collection of Al, 
3,11 or 24 motif containing peptides to develop an algorithm 
15 for each particular allele which assigns a score for each 

amino acid at each position along a peptide. The score for 
each residue is taken as the ratio of the frequency cf that 
residue in good and intermediate binders to the frequency of 
occurrence of that residue in non-binders. 

In the present algorithm residues have been grouped 
by similarity. This avoids the problem, encountered with some 
rare residues, such as tryptophan, where there are too few 
occurrences to obtain a statistically significant ratio. A 
listing is made of scores obtained by grouping for each of the 
twenty amino acids by position for 9-mer peptides containing 
conserved residues that define their motif (2/9 motifs). A 
peptide is scored in the algorithm as a product of the scores 
of each of its residues. 

The power of an algorithm to correlate with binding 
30 is further underlined by its ability to predict a population 
of peptides with the highest occurrence of good binders, if 
one were to rely, for example, solely on the 2/9 motif for 
predicting 9-mer peptides which bind to a specific MHC allele 
the large number of peptides containing the motif would be 
predicted to be good binders, in fact only a relatively small 
percentage of these peptides are good binders and a somewhat 
larger percentage are intermediate binders, while a still 
larger percentage of the peptides predicted by the motif are 
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either weak or non-binding peptides. In contrast, using the 
grouped algorithm of this invention a population of peptides 
are created with a greater percentage of good binders, a still 
greater percentage of intermediate binders, and a smaller 
5 percentage, relative to that predicted by motif -containing 
peptides, are weak and non-binders. 

The present example of an algorithm uses the ratio of 
the frequency of occurrence of an amino acid in binders and 
non-binders to measure the impact of a particular residue at 
10 each position of a peptide. It is immediately apparent to one 
of ordinary skill in the art that there are alternative ways 
of creating a similar algorithm. For example, one could use 
average binding affinity values, or relative binding of single 
amino acid substitutions in a motif containing peptide with a 
15 poly-alanine backbone to generate an algorithm table. 

An algorithm using average binding affinity has the 
advantage of including all of the peptides in the analysis, 
and not just good/ intermediate binders and non-binders. 
Moreover, it gives a more quantitative measure of affinity 
than the simpler group ratio algorithm. We create such an 
algorithm by calculating for each amino acid, by position, the 
average log of binding when that particular residue occurs in 
our set of motif containing peptides. The algorithm score for 
a peptide is then taken as the sum of the scores by position 
25 for each of its residues. 

Example 1A 

Preparation of effective HIA alle le-snecif < R ^ fr^ 

presenting cells. 
This example demonstrates the use of cold temperature 
30 incubation or acid stripping/peptide loading method to prepare 
effective HLA-allele-specif ic antigen presenting cells (APC) . 
The APC were used to sensitize precursor cytotoxic T 
lymphocytes which led to the development of antigen-specific 
cytotoxic cells. This was" accomplished using either 
35 phytohemaglutinin (PHA) T-cell blasts or peripheral blood 
mononuclear cells (PBMC) or staphylococcus aureus Cowan I 
(SAC-l) activated PBMC as APC. The results are applicable to 
other APC and to the other MHC alleles. 
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The following describes sources for materials used in 
the following examples: 

L-Ascorbic acid, cat #B582, J.T. Baker, Phillipsburg, 
NJ. 

Anti-HLA A2 (BB7.2), Cat #HB82, ATCC, Rockville, MD. 
Anti-HLA DR (LB3.1), from J. Gorga, Children's 
Hospital, Pittsburgh, PA. 

Anti-HLA Alpha chain pan ABC (9.12.1), from R. 
DeHars, University of Wisconsin, Madison, Wl. 
Anti-mouse IgG FITC conjugate. Cat #F2883, Sigma, St. 
Louis, MO. 

/^microglobulin, Cat #M0114, Scripps Labs, San Diego, 
CA. 

BSA Fraction V, Cat #A9418, Sigma, St. Louis, MO. 
50cc conical centrifuge tubes, Cat #2070, Falcon, 
Lincoln, Park, NJ. 

Cryo i»c freezing container, Cat #5100-0001, Nalge, 
Rochester, NY. 

Cryovial, Cat #5000-0012, Nalge, Rochester, NY. 
Dimethyl sulfoxide (DMSO) , Cat #D2650, Sigma, St. 
Louis, MO. 

DNAse, cat #260912, Calbiochem, San Diego, CA. 
Dynabeads M-450 goat anti-mouse IgG, Cat #110.06, 
Dynal, Great Neck, NY. 

EDTA tetrasodium salt, Cat #ED4SS, Sigma, St. Louis, 
MO. 

FACScan, Becton Dickinson, San Jose, CA. 

Fetal calf serum (PCS), Cat #3000, Irvine Scientific, 

Irvine, CA. 

Ficoll-Paque, Cat #17-0840-03, Pharmacia, Piscataway, 
NJ. 

Gentamicin, Cat #600-5750AD, Gibco, Grand Island, NY. 
L-Glutamine, Cat #9317, Irvine Scientific, Irvine, 
CA. 

GS-6KR centrifuge, Beckman Instruments, Palo Alto, 
CA. 

Human AB serum (HS) , Cat #100-112 , Gemini 
Bioproducts, Calabasas, CA. 
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Hunan rIL-2, Sandoz, Basel, Switzerland. 
Human rIL-7, Cat #F1-1587-1, Genzyme, Cambridge, MA. 
Isopropanol, Cat #A464-4, Fisher Scientific, 
Pittsburgh, PA. 

5 MicroCELLector T-150 culture flask for selection of 

CD4+ cells, Cat #8030, Applied Immune Sciences, Menlo 
Park, CA. 

Micromedic automatic gamma counter, ICN Micromedics 

Systems, Hunt svi lie, AL. 
10 OKT4 hybridoma supernatant, Cat #CRL 8002, ATCC, 

Rockville, HD. 

Paraformaldehyde, Cat #T-353, Fisher, Pittsburgh, PA. 

PBS calcium and magnesium free (CMF) , Cat /17-516B, 

BioWhittaker, Walkersville, MD. 
15 Peptides used in this study were synthesized at Cytel 

and described in Table 24 a. 

Phytohemagglutinin (PHA) , Cat #HA-16, Wellcome, 
Dart ford, England. 

RPMI 1640 + Hepes + glutamine, Cat /12-115B, 
20 BioWhittaker, Walkersville, MD. 

RPMI 1640 + Hepes + glutamine, Cat #380-24OOAJ, 
Gibco, Grand Island, NY. 

Sodium chloride (NaCl) , Cat #3624-05, J.T. Baker, 
Phillipsburg, NJ. 
25 Sodium ( 51 Cr) chromate, Cat #NEZ 030, NEH, 

Wilmington, DE. 

Sodium phosphate monobasic, Cat #S9638, Sigma, St. 
Louis, MO. 

Triton X-100, Cat #X-100, Sigma, St. Louis, MO. 
30 24 well tissue culture plate, Cat #3047, Falcon, 

Becton Dickinson, San Jose, CA. 

96 well U-bottomed cluster plate, Cat #3799, Cos tar, 
Cambridge, MA. 

35 Culture Medium. PHA blasts and CTL inductions were done in 
RPMI 1640 + Hepes + glutamine (Gibco) supplemented with 2 mM 
L-glutamine (Irvine Scientific), 50 nq/ml gentamicin (Gibco), 
and 5% heat inactivated pooled human Type AB serum (Gemini 
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Bioproducts) [RPMI/5% HS). EBV transformed lymphoblastoid 
cell lines (LCL) were maintained in RPMI 1640 + Hepes + 
glutamine (BioWhittaker) supplemented with L-glutamine and 
gentamicin as above and 10% heat inactivated fetal calf serum 
(Irvine Scientific) [RPMI/ 10% FCS] . Chromium release assays 
were performed in RPMI/ 10% FCS. 

Cytokines. Recombinant human inter leukin-2 (rIL-2) (Sandoz) 
was used at a final concentration of 10 U/ml. Recombinant 
human inter leukin-7 (rIL-7) (Genzyme) was used at a final 
concentration of 10 ng/ml. 

Isolation of Peripheral Blood Mononuclear Cells (PBMC) . Whole 
blood was collected in heparin (10 U/ml) containing syringes 
and spun in 50cc conical centrifuge tubes (Falcon) at 1600 rpm 
(Beckman GS-6KR) 15 min. The plasma layer was then removed 
and 10 ml of the buffy coat collected with a 10 ml pipette 
using a circular motion. The buffy coat was mixed thoroughly 
and diluted with an equal volume of serum free RPMI 1640. The 
diluted buffy coat was then layered over 20 ml Ficoll-Paque 
(Pharmacia) in a 50cc conical tube and centrifuged 400 x g for 
20 min at room temperature with the brake off. The 
Ficoll-plasma interface containing the PBMCs was collected 
using a transfer pipet (two interfaces per 50cc tube) and 
washed three times with 50 ml RPMI (1700, 1500 , and 1300 rpm 
for 10 min. 

Freezing and Thawing PBMC. PBMC were frozen at 30 x 10 6 
cells/ml of 90% FCS + 10% DMSO (Sigma) , in 1 ml aliquots using 
cyrovials (Nalge). Cryovials were placed in Cryo l°c freezing 
containers (Nalge) containing isopropanol (Fisher) and placed 
at -70°C from 4 hr (minimum) to overnight (maximum) . 
Isopropanol was changed after every 5 uses. Cryovials were 
transferred to liquid nitrogen for long term storage. PBMC 
were thawed by continuous shaking in a 37°C water bath until 
the last crystal was nearly thawed. Cells were immediately 
diluted into serum free RPMI medium containing DNAse 30 Mg/ml 
(to avoid clumping) (Calbiochem) , and washed twice. 



WO 94/03205 



PCT/US93/07421 



74 

Depletion of Lymphocyte Subpopulations . CD4 lymphocyte 
depletion was performed using antibody-coated flasks: 
MicroCELLector T-150 flasks for the selection of CD4+ cells 
(Applied Immune Sciences) were washed according to the 
5 manufacturer's instructions with 25 ml PBS CMF + 1 mM EDTA 
(Sigma) by swirling flasks for 30 sec followed by incubation 
for 1 hr at room temperature on a flat surface. Buffer was 
aspirated and flasks were washed 2 additional times by shaking 
the flasks for 30 sec and maintaining coverage of the binding 

10 surface. To each washed flask, 25 ml culture medium + 5% HS 
were added and incubated for 20 min at room temperature on a 
flat surface. Media was left in the flask until it was ready 
to receive the cells. PBMC were thawed in RPHI/5% HS 
containing 30 pg/ml DNAse, and washed twice. HS in the wash 

15 blocks Fc receptors on PBMCS. For one flask a maximum of 12 x 
10 7 cells were resuspended in 25 ml culture medium. Culture 
medium was aspirated from the flask and then the cell 
suspension was gently added to the MicroCELLector. Flasks 
containing the cells were incubated for 1 hr at room 

20 temperature on a flat surface. At the end of the incubation, 
the flask was gently rocked from side to side for 10 sec to 
resuspend the nonadherent cells. Nonadherent CD4 depleted 
cells were harvested, and then flasks were washed twice with 
PBS CMF to collect the nonadherent cells. Harvested 

25 CD4-depleted cells were pelleted by centrifugation and 
resuspended in complete culture medium (RPMI/5%/HS) . 

Generation of PHA Blasts. PBMC were isolated using the 
standard Ficoll-Pague protocol. Frozen cells were washed 

30 twice before use. Cells were cultured at 2 x 10 6 /ml in 
RPMI/5% HS containing 1 ng/ml PHA (Wellcome) and 10 U/ml 
rIL-2. PHA blasts were maintained in culture medium 
containing 10 U/ml r IL-2 with feeding and splitting as 
needed. PHA blasts were used as APC on day 6 of culture. 

35 Generation of empty class I molecules and peptide loading were 
only performed by the acid strip method when using these APC. 
Acid Stripping /Peptide Loading of PBMC and PHA Blasts. PBMC 
were isolated using the Ficoll-Paque protocol. When using 
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frozen cells, PBMC were washed twice before using. PHA blasts 
were prepared as previously described and washed twice before 
using. Once cells were prepared, they were washed once in 
cold sterile 0.9% NaCl (J.T. Baker) + 1% BSA. In a 50cc 
5 conical centrifuge tube, the cells were resuspended at 10 7 /ml 
in cold sterile citrate-phosphate buffer [0-13 M L-ascorbic 
acid (J.T. Baker), 0.06 M sodium phosphate monobasic (Sigma) 
pH 3, 1% BSA, 3 M9/nl 0 2 m * cro 9 lobulin (Scripps Labs)] and 
incubated for 2 min on ice. Immediately, 5 volumes of cold 

10 sterile neutralizing buffer #1 [0.15 M sodium phosphate 

monobasic pH 7.5, 1% BSA, 3 fig/ml ^microglobulin, 10 pg/ml 
peptide] were added, and the cells were pelleted at 1500 rpm, 
5 min at 4°C Cells were resuspended in 1 volume cold sterile 
neutralizing buffer #2 [PBS GMF, 1% BSA, 30 lig/ml DNAse, 3 

15 /Jg/ml ^microglobulin, 40 fig /ml peptide] and incubated for 4 
hrs at 20°C Cells were diluted with culture medium to 
approximately 5 x 10 6 /ml and irradiated with 6000 rads. Cells 
were then centrifuged at 1500 rpm for 5 min at room 
temperature and resuspended in culture medium. The acid 

20 stripped/peptide loaded cells were used immediately in the CTL 
induction cultures (below) • 

induction of Primary CTL using Acid Stripped /Peptide Loaded 
Autologous PBMCs or PHA Blasts as Stimulators. Acid 

25 stripping/ peptide loading of PBMC and PHA blasts are described 
above. During the last 4 hr incubation of stimulator cells 
with peptide, the responder cell population was prepared: 
Responders were PBMC that were depleted of CD4+ cells 
(described above) . Responder cells were resuspended in 

30 culture medium at 3 x 10 6 /ml. 1 ml of the responder cell 

suspension was dispensed into each well of a 24-well tissue 
culture plate (Falcon, Becton Dickinson) . The plates were 
placed in the incubator at 37 °C, 5% C0 2 until the stimulator 
population was ready. Once irradiated, stimulator APC were 

35 resuspended in culture medium containing 20 ng/ml rIL-7 at 
10 6 /ml for the PBMC, or at 3 x 10 5 /ml for the PHA blasts. 1 
ml of stimulator cell suspension was added per well to the 
plates containing the responders. On day 7 after induction, a 
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100 Ml culture medium containing 200 ng/ml rIL-7 was added to 
each well (20 ng/well rIL-7 final) . On day 10 after 
induction, 100 fil of culture medium containing 200 U/ml rIL-2 
was added to each well (20 u/well rIL-2 final) . 

5 

Antigen Restimulation of CTL. On day 12-14 after the 
induction, the primary CTL were restimulated with peptide . 
using adherent APC. Autologous PBMC were thawed and washed as 
described above. Cells were irradiated at 6000 rads. Cells 

10 were pelleted and resuspended in culture medium at 4 x 10 6 /ml. 
1 ml of cell suspension was added to each well of a 24-well 
tissue culture plate, and incubated for 2 hrs at 37°C, 5% C0 2 . 
Non-adherent cells were removed by washing each well three 
times with serum free RPMI. After this step, a 0.5 ml culture 

15 medium containing 3 fig/ml ^microglobulin and 20 ng/ml total 
peptide was added to each well. APC were incubated for 2 hrs 
at 37°C, under 5% C0 2 with the peptide and /^microglobulin. 
Wells were aspirated and 1 ml of responder cells at 1.5 x 
10 6 /ml in culture medium was added to each well. After 2 

20 days, l ml of culture medium containing 20 U/ml rIL-2 was 
added to each well. 

Cytotoxicity Chromium Release Assay. Seven days following 
restimulation of primary induction, the cytotoxic activity of 
25 the cultures was assessed. 

a. Effector Cell Preparation: the responders, 
which at this stage are renamed "effectors", were centrifuged 
and resuspended at 10 7 /ml in RPMI/ 10% PCS. Three-fold serial 
dilutions of effectors were performed to yield effector to 

30 target ratios of 100:1, 33:1, 11:1, and 3:1. Effector cells 
were aliguoted at 100 Ml/well on 96 well U-bottomed cluster 
plates (Co star) , in duplicate. 

b. Target Cell Preparation; Approximately 16-20 
hrs prior to the assay, target cells were resuspended at 3 x 

35 10 5 /ml in RPMI/ 10% FCS in the presence or absence of 3 ng/ml 
^microglobulin and 10 MS/ml total peptide. After 
preincubation, target cells were centrifuged and pellets were 
resuspended in 200 Ml (300MCi) sodium ( 51 Cr) chromate (NEN) . 
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Cells were incubated at 37 °c for 1 hr with agitation. 
Labelled target cells were washed 3 times with, RPMI/10% FCS. 

c. Settina-Up the Assays; Target cell concentration 
was adjusted to 10 5 /ml in RPMI/10% FCS and 100 Ml aliguots 
5 were added to each well containing responders. K562 cells 

(cold targets, to block NK, and LAK activity) were washed and 
resuspended in RPMI/10% FCS at 10 7 /ml. Aliguots of 20 Ml were 
added per well, yielding a 20:1 of cold K562 target: labelled 
target. For the determination of the spontaneous 51 Cr 

10 release, 100 Ml/well of RPMI/10% FCS were added to 100 Ml/well 
of labelled target cells, and 20 Ml/well of K562. For maximum 
51 Cr release, 100 Ml 1% Triton X-100 (Sigma) in PBS CMF, was 
added to the 100 Ml/well labelled target cells, and 20 Ml/well 
K562. Plates were centrifuged for 2 min at 1200 rpm to 

15 accelerate cell conjugate formation. Assays were incubated 
for 5 hr at 37 4 C, 5% C0 2 . Assays were harvested by 
centrifuging plates for 5 min at 1200 rpm and collecting 100 
Ml/well of supernatant. Standard gamma counting techniques 
were used to determine percent specific lysis (Micromedic 

20 automatic gamma counter, 0.5 min per tube). 

Cultured Cell Lines, JY, a HLA A2.1 expressing human 
EBV- transformed B-cell line, was grown in RPMI/10% FCS. K562, 
a NK cell sensitive erythroblastoma line was grown in RPMI/10% 
25 FCS. K562 was used to reduce background killing by NK and LAK 
cells in the chromium release assays. 

Peptides. The peptides used in these studies were synthesized 
at Cytel and their sequences are described in Table 24 a. 
30 Peptides were routinely diluted in 100% DMSO at 20 mg/ml, 
aliquoted, and stored at -20°C. 

FACS Analysis. Approximately io 6 cells were used for each 
antibody that was to be tested. Cells were washed twice with 
35 PBS CNU + 0.1% BSA. To each sample, 100 ^1 PBS CMF + 0.1% BSA 
+ primary antibody at 2 Mg/ml (BB7.2, ATCC) or (9.12.1, 
Inserm-CNRS, Marseille, France) or (LB3.1, Children's Hospital 
Pittsburgh) were added. A. negative control was always 
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included. Cells were incubated on ice for 20 min and washed 
twice with PBS GMF + 0.1% BSA. Cells were resuspended in 100 
Ml anti-mouse IgG FITC conjugate (Sigma), diluted 1:50 in PBS 
CNF +0.1% BSA, and incubated 20 min on ice. Cells were 
5 washed twice with PBS CMF + 0.1% BSA, and resuspended in PBS 
for FACScan (Beet on Dickinson) analysis. When it was 
necessary to postpone analysis to the subsequent days, the 
cells were fixed with PBS/1% paraformaldehyde (Fisher) and 
analyzed within one week. 

10 

Binding Assays Using Intact Cells and Radiolabeled Peptide. 
JY cells were treated with citrate-phosphate buffer and 
neutralizing buffer #1 as described above. JY control cells 
were left untreated in tissue culture media . After treatment 

15 both cell populations were washed twice with serum free RPMI 
and loaded with 125 I-radiolabelled 941.01 (HBcl5-27) peptide 
(standard chloramine T iodination) • To determine binding 
specificity, 2 x 10 6 cells were resuspended in 200 Ml 
neutralizing buffer #2 (described above) containing 

20 125 1-941.01 (10 5 cpms) +/- 100 ng unlabelled 941.01. Cells 

were incubated for 4 hrs at 20 °C and washed twice with serum 
free RPMI to remove free peptide. Cells were resuspended in 
200 pi of serum free RPMI. In a microfuge tube the cell 
suspension was layered over an 800 /il FCS and pelleted by 

25 centrifugation for 5 sec. Superaatants were aspirated and the 
radioactivity remaining in the pellet was measured (Hicromedic 
automatic gamma counter, l min per tube). 

Example 15 

30 Class I MHC molecule peptide strippin g/ loading bv mild acid 

treatment. 

Mild acid solutions of pH 3 such as glycine or 
citrate-phosphate buffers have been used by various groups to 
identify endogenous peptides and to identify tumor associated 
35 T cell epitopes. The treatment is unique in that only the MHC 
class I molecules are destabilized (and peptides released) , 
while all other surface antigens remain intact including MHC 
class II molecules. Most importantly, treatment of cells with 
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the mild acid solutions of this example do not affect the 
cell's viability or metabolic state. The mild acid treatment 
is rapid since the stripping of endogenous peptides occurs in 
two minutes at 4°C and the APC is ready to perform its 
5 function after the appropriate peptides are loaded. In this 
example we utilized the technique to make peptide specific 
APCs for the generation of primary antigen-specific CTL. The 
resulting APC were efficient in inducing peptide-specif ic CD8+ 
CTL. 

10 

Measurements by FACS Analysis. PHA- induced T-cell blasts were 
acid stripped/ peptide loaded according to the methods 
described in Example 15. The resulting cells were stained for 
FACS analysis using anti-HLA-A2 (BB7.2) and anti-HLA alpha 

15 chain-specific (9.J.2.1) monoclonal antibodies. Controls for 
this experiment included the same cell population which was 
not treated at pH 3 (but treated with PBS buffer at pH 7.2), 
and with cells treated with citrate-phosphate buffer (to strip 
the MHC) but neutralized in the absence of /^microglobulin and 

20 peptide. The results presented in Figure 15, indicate that 
treatment of these cells with the citrate-phosphate (pH3) 
buffer significantly reduced (10-fold) the reactivity of the 
cells toward both anti-HLA class I antibodies alone 
(anti-HLA-A2 and the alpha chain specific) , but not towards a 

25 monoclonal antibody specific for class II MHC molecules 
(anti-HLA-DR) . Most importantly, neutralization of the 
acid-stripped cells in the presence of ^microglobulin and 
peptide resulted in preservation of a significant amount of 
class I MHC antibody-reactive sites, with only a 2.5-fold 

30 decrease in fluorescence intensity. Importantly, the 

acid-treated cells remained viable, as measured by trypan blue 
exclusion and forward/ lateral FACS scatter analysis. Similar 
results were obtained using EBV-transformed B cell lines, 
fresh (or frozen) PBMC and other peptides (which bind to 

35 either HLA-A2.1 or HLA-A1) (data not shown). 

Binding of Radiolabeled Peptides to Empty MHC Molecules. To 
determine the efficiency of peptide loading using the cold 
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temperature incubation or acid stripping/peptide loading 
protocol, JY cells (an HLA-A2..1 EBV-transformed B cell line) 
were preincubated at 26 *C overnight or acid-stripped to remove 
the endogenous MHC-associated peptides and the loading of 
5 exogenous peptide was determined using a 125 I-radiolabelled 
HLA-A2.1 binding peptide. The specificity of this reaction 
was determined by measuring the inhibition of labelled peptide 
binding using a cold peptide of the same sequence . Results 
presented in Table 24 b demonstrate that acid-treatment of the 
10 cells increased significantly (approximately 10-fold) the 
amount of labelled peptide binding to the JY cells* 
Furthermore, the binding of labelled peptide was completely 
blocked by the addition of the cold peptide, demonstrating 
specific binding (data not shown) . 

15 

In Vitro Induction of Primary Antigen-Specific CTL Using Acid 
Stripped /Peptide Loaded APCS* Additional critical parameters 
for the induction of primary CTL using both the cold 
temperature incubation and acid strip protocol are: 1) 

20 enrichment of CD8+ T-cells in the responder cell population 
(or depletion of CD4+ T-cells), 2) addition of rIL-7 to the 
CTL induction cultures from day 0, and 3) restimulation of the 
cultures with antigen on day 12-14 using autologous adherent 
cells pulsed with peptide. Results presented in Figs. 16 and 

25 17 show experiments performed using PBMC and PHA- induced T- 
cell blasts as APC. Figure 18 shows experiments using PHA- 
induced T-cell blasts as APC while Figure 19 shows the use of 
PBMC as APC. 

30 SXfrjnple X* 

Screening peptides to identify CTL e pitopes. 
In order to identify CTL epitopes, CTL was stimulated 
by SAC-I activated PBMCs as APC. Cold temperature expression 
of the MHC in which class 1 0-2-microglobulin complex is 
35 unstable was utilized in addition to acid stripping to 
generate PBMC APC. 
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Complete Culture Medium. The tissue culture medium used in 
this study consisted of RPMI 1640 with Hepes and L-glutamine 
(Gibco) supplemented with 2 mM L-glutamine (Irvine 
Scientific), 0.5mM sodium pyruvate (Gibco), 100 U/100 ug/ml 
penicillin/ streptomycin (Irvine), and 5% heat-inactivated 
Human Serum Type AB (RPMI/5% HS; Gemini Bioproducts) . Culture 
media used in the growth of EBV-tr ans formed lines contained 
10% heat-inactivated fetal calf serum (RPMI/ 10% PCS, Irvine) 
instead of human serum. 

Cytokines. Recombinant human Inter leukin-2 (rIL-2) and 
Interleukin-4 (rIL-4) were obtained from Sandoz and used at a 
final concentration of 10 U/ml and 10 ng/ml, respectively. 
Human interferon-? (IFN-7) and recombinant human Inter leukin-7 
(rlL-7) were obtained from Genzyme and used at 20 U/ml and 10 
ng/ml, respectively. 



Peptides, Peptides were synthesized at Cytel and are 
described in Table 24 a. Peptides were routinely diluted in 
100% DMSO at 20 mg/ml, aliquoted, and stored at -70»C until 
use. 



Cell Lines. JY, Steinlin, EHM, BVR, and KT3 are homozygous 
human EBV-transformed B cell lines expressing HLA A 2>1 , A lr A 3 , 
A n , and A 24 , respectively. They are grown in RPMI/ 10% PCS. 
K562, an NK cell sensitive, erythoblastoma line grown in 
RPMI/ 10% FCS, was used for reduction of background killing in 
CTL assays. Melanoma cell lines either expressing the MAGE 
antigen, mel 397 and mel 938, or not expressing the MAGE 
antigen; mel 888, were also grown in RPMI/ 10% FCS. 

Isolation of Peripheral Blood Mononuclear Cells (PBHCs) . 
Whole blood was collected into heparin containing syringes and 
spun in 50cc tubes at I600" RPM (Beckman GS-6KR) for 15 
minutes. The plasma layer was then removed and 10 ml of buffy 
coat was collected with a pipette using a circular motion. 
The buffy coat was mixed well and diluted with an equal volume 
of RPMI. The buffy coat (30 ml) was then layered on 20 ml of 
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Ficoll-Pague (Pharmacia) and centrifuged at 1850 RPM (400xg) 
for 20 minutes, 25 w C f with the brake off. The interface 
between the Ficoll and the plasma containing the PBMCs was 
recovered with a transfer pipet (two interfaces per 50 ml 
5 tube) and washed three times with 50 ml of RPMI (1700, 1500, 
and 1300 RPM for 10 minutes) . Cells were resuspended in 10-20 
ml of culture medium, counted, and adjusted to the appropriate 
concentration. 

Freezing PBMCs. 30 million cells/tube (90% FCS/10% DMSO; 
Sigma) were inserted into a Nalgene Cryo 1°C Freezing 
Container containing isopropanol (Fisher) and placed at -70*C 
from 4 hrs (minimum) to overnight (maximum) . The isopropanol 
was changed every five times. Tubes were transferred to 
.liquid nitrogen for long term storage. To thaw, PBMCs were 
continuously shaken in a 37 °c water bath until the last 
crystal was almost thawed (tubes were not allowed to sit in 
the water bath or at room temperature for any period of time) . 
Cells were diluted into serum-free RPMI containing 30 ng/ml 
DNase to prevent clumping by dead cell DNA and washed twice. 

Induction of Primary CTL Using SAC- J Activated PBMCs as APCs 

a. Preparation of APCs; PBMCs were purified using the 
standard Ficoll-Paque protocol and resuspended at 1 x l0 6 /ml 
in RPMI/5% PCS containing 0.005% Pansorbin cells (SAC-I cells 
expressing Protein A; Calbiochem) , 20 pg/ml Immunobeads 
(Rabbit anti-Human IgM; Biorad) , and 20 ng/ml of human rIL-4. 
Two ml of cells per well were plated in a 24-well plate 
(Falcon, Becton Dickinson) and cultured at 37°C. After 3 
days, the medium was removed and the cells were washed three 
times followed by addition of RPMI/ 10% HS. The cells were 
used after culturing for an additional 2 days in RPMI/ 10% HS. 

*>• Expression of empty Clas s I molecules on the surface »f 
35 APCs and peptide l oading of APCs. 

1. Cold temperature incubation: 

a. Expression of empty MHC in APCs: The APCs 



25 



30 
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were adjusted to a concentration of 2 x 10 6 /ml in complete 
culture medium containing 10 ng/ml rIL-4, 20 U/ml human IFN-7, 
and 3 Mg/ml 02-microglobulin (/3 2 m; Scripps Lab) . The cells 
were then incubated overnight at 26°C in the presence of 5% 
5 C0 2 . It should be noted that these cells only express a 
fraction of Class I molecules in the empty state ("10%). 

b. Peptide loading of APC stimulator cells: 
Empty Class I expressing APCs were washed 1-2 times with 
serum free RPMI (+ L-glutamine and Hepes) and resuspended at 1 

10 X 10 7 in serum-free RPMI containing 50 ng/ml total of the 

peptide pool (i.e., 16.7 ng/ml of each peptide in a pool of 
three; 25 pg/ml of each peptide in a pool of two; 50 ng/ml of 
individual peptide) , 30 ng/ml DNAse, and 3 ng/ml 0 2 m. 
Following a 4 hour incubation at 20°C, the cells were 

15 irradiated at 6100 rads (5 x 10 6 / ml; 25 million cells / tube ) , 
washed and adjusted to the appropriate concentration for 
addition to the induction culture (see below) . 

2. Acid stripping: This was used as an 
alternative method for generating empty MHC on the surface of 

20 the APCs. The SAC-I activated PBMCs were washed once in cold 
0.9% sodium chloride (J.T. Baker) containing 1% BSA. The 
cells were resuspended at 10 7 /ml in cold citrate-phosphate 
buffer (0.13N L-ascorbic acid [J.T. Baker], 0.06M sodium 
phosphate monobasic [Sigma], pH3) containing 1% BSA and 3 

25 ng/ml 0 2 m and incubated on ice. After 2 minutes, 5 volumes of 
cold 0.15M sodium phosphate monobasic buffer, pH7.5, 
containing 1% BSA, 3 ng/ml 0 2 m, and 10 ng/ml peptide 
[neutralizing buffer #1] was added and the cells centrifuged 
at 1500 RPM for 5 minutes at 4°C. The cells were resuspended 

30 in l ml of cold PBS containing 1% BSA, 30 ng/ml DNase, 3 /xg/ml 
/^microglobulin, and 50 Mg/ml peptide [neutralizing buffer #2] 
and incubated for 4 hours at 20°C. As above, subsequent to 
the four hour incubation at 20°C, the cells were irradiated at 
6100 rads (5 x 10 6 / ml; 25" million cells/tube), washed, then 

35 adjusted to the appropriate concentration for addition to the 
induction culture (see below) . 
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c - Preparation of the CD 4+ depl eted pbmc responds r-»n 
population ( depletion of l ymphocyte sub-ponul ations us|m 
MS f lasfts) t AIS MicroCellector T-150 flasks (specific 
for the depletion of CD4+ T cells; Menlo Park, CA) were 
5 primed by adding 25 ml of PBS/1 mN EDTA, swirling for 30 
seconds so that all surfaces were moistened, and then 
incubating with the binding surface down at room temperature 
for l hour. Following this incubation, flasks were shaken 
vigorously for 30 seconds, washed 1 time with PBS /EDTA, 2 
10 additional times with PBS and then incubated with 25 ml of 
culture medium for 15 minutes. PBMCs were thawed in 
serum-free RPMI (+ L-glutamine + Hepes) containing 30 ng /ml 
DNAse, washed once, and incubated for 15 minutes in culture 
medium. Following aspiration of culture medium from the 
15 flasks, up to 180 million PBMCs were added in 25 ml of culture 
medium containing 30 ng/ml DNAse. After l hour at room 
temperature, the flasks were rocked gently for 10 seconds to 
resuspend the nonadherent cells. The nonadherent cell 
suspension containing the CD8+ T cells was collected and the 
flasks were washed 2 times with PBS. The CD4+ T cell depleted 
PBMCs were centrifuged and counted for addition to the 
induction culture. The CD4+ and CD8+ phenotype of the CD4+ 
depleted cell population was determined by FACS analysis (see 
below) . in general, this technique resulted in a two-fold 
enrichment for CD8+ T cells with an average of approximately 
40-50% CD8+ T cells and 15-20% remaining CD4+ T cells 
following depletion of CD4+ T cells. Depletion of CD4+ T 
cells can also be accomplished by antibody and complement or 
antibody coated magnetic beads (Dynabeads) . Depletion of CD4+ 
T cells served the purpose of enriching CTLp and removing 
cells which would complete for cell nutrients and may 
interfere with CTLp expansion. 

d » Induction of primary <7TTf- During the 4 hour peptide 
loading of the stimulator APCs, CD4+ depleted PBMC to be used 
as the responder population were prepared utilizing AIS flasks 
for selection of CD8+ T cells through the depletion of CD4+ T 
cells (above) . The responder cells were plated at 3 x 10 6 /ml 
in a l ml volume (24 well plate) and placed at 37°C until the 
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peptide loaded stimulator APCs were prepared. The irradiated, 
peptide loaded APCs were washed 1 time in serum-free RPMI (+ 
L-glutamine and Hepes) , adjusted to lxl0 6 /ml in complete 
medium, and plated into a 24 well plate at l ml/plate: For 
5 PBMC, l x 10 6 stimulator cells (1 ml volume) were plated into 
the wells containing the responder cells; For SAC-I activated 
PBMC and PHA blasts, 1 ml of 3 x 10 5 /ml stimulator cells were 
plated in each well. A final concentration of 10 Mg/ml of 
additional peptide was added in addition to 10 ng/ml final 
10 concentration of rIL-7 (2 ml total volume) . On day 7 an 

additional 10 M9 /ml rIL-7 was added to the culture and 10 U/ml 
rIL-2 was added every 3 days thereafter. On day 12, the 
cultures were restimulated with peptide pulsed adherent cells 
and tested for cytolytic activity 7 days later (below) . 



15 



Protocol for Restimulation of Primary CTL Using Adherent APC. 
PBMCs were thawed into serum-free RPMI (+ L-glutamine and 
Hepes) containing 30Mg/ml DNAse, washed 2 times, and adjusted 
to 5 x 10 6 /ml in culture medium containing DNAse. PBMCs (25 

20 million cells/tube in 5 ml) were irradiated at 6100R. After 1 
wash, the PBMCs were resuspended in culture medium and 
adjusted to 4 x 10 6 /ml. l ml of irradiated PBMCs was added 
per well of a 24-well plate. The PBMC were incubated for 2 
hours at 37 •c, washed 3 times to remove non-adherent cells, 

25 and cultured in medium containing 20 ng/ml total peptide and 3 
ng/ml 02 Bic *°globulin added in a 0.5 ml volume and again 
incubated for 2 hours at 37 »C. The peptide was aspirated and 
1.5 x 10 6 responder cells resuspended in culture medium were 
added in a 1 ml volume. After 2 days, l ml of culture medium 

30 containing 20 U/ml rIL-2 was added. 

FACS Analysis, One million cells/ tube were centrifuged, 
resuspended in 100 ul/tube PBS/0.1% BSA/0.02% sodium azide 
(Sigma) plus 10 ul/tube directly conjugated antibody (Becton 
Dickinson), and incubated on ice 15-20 minutes. Cells were 
then washed 2 times with PBS/ 0.1% BSA/0.02% sodium azide and 
resuspended in PBS to analyze on FACScan (Becktqn Dickinson) . 
When it was not possible to analyze samples within 1-2 days, 
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cells were fixed with PBS containing 1% paraformaldehyde 
(Fisher) and analyzed within one week. 

Cytotoxicity Assay 
5 a * Target cell preparation- Approximately 16-20 hours 

prior to the CTL assay, target cells (Class I matched 
EBV-transformed lines) were washed once and resuspended in a 
10 ml volume at 3 x 10 5 /ml in RPMI/5% FCS in the presence or 
absence of 10 pg/ml total peptide. 
10 b - Labeling of target ™»n«? Target cells were 

centrifuged and resuspended in 200 /il/tube sodium 51 Cr 
chromate (NEM) , then incubated at 37 «c for l hour on a shaker. 
Targets were washed 3 times (10 ml/wash) with RPMI/10% FCS and 
resuspended in 10 ml (to determine the efficiency of 
15 labelling, 50 /xl/target was counted on the Micromedic 
automatic gamma counter) . 

c. CTL assay. Target cells were adjusted to 2 x l0 5 /ml 
and 50 til of the cell culture was added to each well of a 
U-bottomed 96-well plate (Costar Corp.) for a final 
concentration of l X 10 4 /well. K562 cells were' washed once, 
resuspended at 4 x 10 6 /ml, and 50 Ml/well was added for a 
final concentration of 2 x 10 5 /well (ratio of cold K562 to 
target was 20:1). Responder cells were washed once, 
resuspended at 9 x 10 6 /ml, and three fold serial dilutions 
were performed for effector to target ratios of 90:1, 30:1, 
10:1, and 3:1. Responder cells were added in a volume of 100 
Ml in duplicate wells. For spontaneous release, 50 pl/well of 
labelled target cells, 50 /*l/well K562, and 100 /tl/well of 
medium was added. For maximum release, 50 /il/well target, 50 
Ml/well K562, and 100 Ml/well of 0.1% Triton-XlOO (Sigma) was 
added. Plates were centrifuged for 5 minutes at 1200 rpm. 
Following a 5 hour incubation at 37»c, plates were centrifuged 
again for 5 minutes at 1200 RPM, and 100 Ml/well of 
supernatant was collected." Standard gamma counting techniques 
(Micromedic automatic gamma counter; 0.5 minutes/ tube) were 
used to determine the percent specific lysis according to the 
formula: % specific lysis = cpm experimental - cpm spontaneous 
release/ cpm maximum release - cpm spontaneous release X 100. 
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A cytotoxicity assay (CTL assay) was considered positive if 
the lysis by CTL of targets sensitized with a specific peptide 
at the two highest effector to target (E:T) ratios was 15% 
greater than lysis of control targets (i.e., target cells 

5 without peptide) . A cytotoxicity assay (CTL assay) was 
considered borderline if the lysis by CTL of targets 
sensitized with a specific peptide at the two highest effector 
to target (E:T ratios was 6% greater than lysis of control 
targets (i.e., target cells without peptide). 

0 *• Results, of the peptides that bind to the indicated 

alleles, 9 of the 49 MAGE peptides, 10 of the 45 HIV peptides, 
3 of the 25 HCV peptides, and 2 of the 20 HBV peptides tested 
to date induced primary CTL in vitro. Representative graphs 
illustrating CTL responses to various immunogenic peptides are 

5 shown for MAGE (Figure 22), HIV (Figure 23), HCV (Figure 24), 
and HBV (Figure 2) . The CTL induction data are summarized in 
Table 24 which lists the immunogenic peptides which bind to 
the appropriate MHC and induce primary CTL in vitro. 
Indicated isjthe peptide's sequence, corresponding antigen and 

0 HLA allele to which it binds. Results shown in Figure 20 

illustrate lysis of peptide sensitized targets . and endogenous 
targets following stimulation with SAC-I activated PBMCs 
loaded with a MAGE 3 peptide, 1044.07 by the cold temperature 
and incubation technique. Figure 21 shows a comparison of the 

5 acid strip loading technique (Panel a) with the cold 
temperature incubation technique (panel b) . 

Although the present invention has been described in 
some detail by way of illustration and example for purposes of 
) clarity and understanding, it will be apparent that certain 
changes and modifications may be practiced within the scope of 
the, appended claims. 
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TABLE 13 

VALIDATION OF CYTEL'S HLA MOTIFS 



10 



Binding Capacity (IC 50 nM) 



Sequence 


Motif 


Al 


A3.1 


A3. 2 


All 


AADKAAAAY 


Al 


50 


• 






ATAKAAAAY 


Al 


15 


• • 


329 


77 


ATDKAAAAY 


Al 


2.8 




9250 


840 


ALAKAAAAV 


A2.1 




125 






AMAAAAAAX 


A3. 2 






48 


8.4 


ATAAAAAAK 


All 






59 


40 


AYAKAAAAF 


A24 











15 «A dash indicates an IC 50 greater than 20.000 nM. 



A24 



ND 



115 



20 



TABLE 14 

VALIDATION OF CYTEL'S HLA MOTIFS 



25 



30 



Binding Capacity (IC S0 nM) 



•A dash indicates an IC 50 greater than 20,000 nM. 



SEQUENCE 


MOTIF 


Al 


A2.1 


A3. 2 


All 


AADKAAAAAY 


Al 


45 


. . * 






ATAKAAAAAY 


Al 


SB 




1100 


1030 


ATDKAAAAAY 


Al 


4.0 




10000 


4533 


ALAKAAAAAV 


A2.1 


NO 


1400 






AMAAAAAAAK 


A3. 2 


" NO 




85 


24.0 


ATAAAAAAAX 


All 






216 
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10 



15 



20 



25 



952.26 



952.23 



981.04 



952.24 



952.27 



981.06 



981.08 



981.09 



981.13 



981.12 



981.11 



981.05 



981.0? 



981.36 



981.33 



981.35 



981.37 



981.38 



981.34 



981.39 



TABLE 15 
H LA -A3. 2 




AVAAAAAAK 



ASAAAAAAK 



AZAAAAAAK 



AAAAAAAAK 



ATAAAAAAK 



AFAAAAAAK 



AGAAAAAAK 



AC&JUUUUMC 



ADAAAAAAK 



AHAAAAAAK 



AKAAAAAAK 



AYAAAAAAK 



ALAAAAAAY 



ALAAAAAAA 



ALAAAAAAQ 



ALAAAAAAS 



ALAAAAAAT 



ALAAAAAAN 



ALAAAAAAE 



0.95 



0.89 



0.57 



0.57 



0.49 



0.13 



0.077 



0.031 



0.014 



0.0010 



<0.001€ 



<0.0005 




0.15 



0.0034 



<0.0006 



<0,C005 



<0.0005 



<0.0005 



<0.0003 



position 2 



position 9 
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TABLE 16 
H LA- All 



10 



15 



20 



25 



PEPTIDE 



952.25 



952.26 



952.27 



952.24 



981.06 



981.04 



981.09 



952.23 



981.11 



981.13 



981.08 



981.12 



981.05 



981.07 



981.33 



981.34 



981.35 



981.36 



981.37 



981.36 



981.39 



SEQUENCE 



ALAAAAAAK 



AMAAAAAAK 



AAAAAAAAK 



AIAAAAAAK 



ATAAAAAAK 



ASAAAAAAK 



AGAAAAAAK 



AVAAAAAAK 



AKAAAAAAK 



ACAAAAAAK 



AFAAAAAAK 



AOAAAAAAK 



AKAAAAAAK 



AYAAAAAAK 



ALAAAAAAA 



ALAAAAAAN 



ALAAAAAAQ 



ALAAAAAAY 



ALAAAAAAS 



ALAAAAAAT 



ALAAAAAAE 



AVERAGE RATIO TO 952.25 



2.5 



1.1 



0.72 



0.55 



0.46 



0.38 



0.23 



0.23 



0.019 



0.020 



0.012 



0.0065 



<0.0065 



<0.0059 



<0.0071 



<0.0051 



<0.0071 



<0.0051 



<0.0051 



<0.0071 



SUBSTITUTION 



position 2 




position 9 
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TABLE 17 
HLA-A24 



PEPTIDE 


SEQUENCE 


AVERAGE RATIO TO 983.01 


SUBSTITUTION 


983.01 


AYAKAAAAF 


1 




983*08 




V • 


position 2 




a day a a a & r 


ft ft ACQ 




983.10 


AAAKAAAAF 


0.0023 




983.11 


AKAKAAAAF 


<0.0012 




983.05 


AYAKAAAAI 


0.20 


position 9 


983.04 


AYAKAAAAL 


0.11 




983.06 


AYAKAAAAV 


0.0023 




983.02 


AYAKAAAAA 


< 0.0012 




983.03 


AYAKAAAAY 


<0.0012 




983.07 


AYAKAAAAK 


<0.0012 
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25 



PEPTIDE 
982.011 
982.07 

982.09 
982.13 
982.08 
954.09 
954.11 
954.13 
982.10 
982.11 
982.12 
982.14 
982.15 
982.16 
982.17 

982.24 
982.23 
982.28 
982.32 
982.25 
982.26 
982.27 



SEQUENCE 
ATDKAAAAY 
ATAKAAAAY 

ASAKAAAAY 
AMAKAAAAY 
AAAKAAAAY 
ALAKAAAAY 
AIAKAAAAY 
AVAXAAAAY 
AKAKAAAAY 
ANAKAAAAY 
ADAKAAAAY 
AGAKAAAAY 
APAKAAAAY 
AYAKAAAAY 
AHAKAAAAY 

ATAKAAAAA 
ATAKAAAAF 
ATAKAAAAH 
ATAKAAAAV 
ATAKAAAAN 
ATAXAAAAO 
ATAKAAAAW 



TABLE 18 
HLA-A1 

AVERAGE RATIO TO 982.07 
Mocif 
1 

0.17 
0.095 
0.0064 
0.0045 
0.0045 
0.0020 
0.0011 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 

0.0040 
0.0019 
0.0010 
0.0005 
<0.0001 
<6.0001 
<0.0001 



SUBSTITUTION 



position 2 
no D in pos 3 



position 9 
no 0 in pos 3 



982.30 | ATAKAAAAK 


<0.0001 




982.31 | ATAKAAAAI 


<0.0001 
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TABLE 19 
HLA-A1 



5 


PEPTIDE 


SEQUENCE 


AVERAGE RATIO TO 982.07 


SUBSTITUTION 




982.01 


ATDKAAAAY 


Motif 


- 




982,07 


ATAKAAAAY 


1 






982.01 


AADKAAAAY 


0.14 


position 3 




954.03 


AAEKAAAAY 


0.038 


no T in pos 2 


10 


982.02 


AAAKAAAAY 


0.0055 






982.06 


AASKAAAAY 


0.0024 






982.04 


AANKAAAAY 


0.0011 






982.03 


AAQKAAAAY 


0.0008 






982.05 


AAKKAAAAY 


<O.Q001 




15 


982.20 


AADKAAAAA 


0.0016 


position 9 




982.21 


AADKAAAAW 


0.0005 


no T in pos 2 




982.19 


AADKAAAAF 


<0.0001 






982.22 


AADKAAAAK 


<0.0001 
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TABLE 20(A) 

HPV16 E6 AND E7 PEPTIDES BINDING TO HLA-AI 



Orgin 



First aa 
Position 



Sequence 



Binding Ratio 
to Standard^ 



Motif 
Prediction 



E6 


80 


ISEYRHYAY 


3.500 


♦ 


E6 


€9 


VADKALKFY 


0.240 




B7 


44 


OAEPORAHY 


0.029 




E7 


37 


EIDGPAGQA 


0.025 




E7 


19 


TTDLYAYEQ 


0.023 


♦ 


E6 


144 


MSAARSSRT 


0.019 




E7 


73 


HVDIRTLED 


0.014 




E6 


139 


WTGRAMSAA 


0.010 




E6 


61 


YROGNPYAV 


0.008 





10 



15 



20 



Bold A' s indicate residues in which cysteine was replaced by alanine. 
The average IC 50 value iSE of the standard in the course of the 
experiments considered in this tabie was 8l±30 nM. Listed in the table 
are peptides yielding ratio values of *0.001. All other peptides 
yielded ratio values of sO.001. 
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10 



15 



20 



25 



30 



Origin 

E6 
E6 
E7 
E6 
E6 
E6 
E6 
E6 
E6 
E7 
E6 
E6 
E6 
E7 
E6 
E6 
E6 
E6 
E6 
E6 
E6 
E6 
E7 
E6 
E6 
E7 



107 
59 
89 
33 
12S 
143 
7 

93 
37 
51 
145 
75 
89 
52 
80 
42 
68 
97 
79 
84 
69 
146 
58 
38 
67 
60 



Sequence* 

LIRAINAQK 
IVYRDCNPY 
IVAPXASQK 
IILEAVYAK 
KLDKKQRFH 
AMSAARSSR 
AMFQDPOER 
TTLEQQYNK 
AVYAKQOLL 
HYNIVTFAA 
SAARSSRTR 
KFYSKISEY 
SLYGTTLEQ 
YNIVTFAAK 
ISEYRHYAY 
QQLLRREVY 
AVADKALKF 
QOYNKPLAO 
KISEYRHYA 
RHYAYSLYG 
VADKALKFY 
AARSSRTRR 
AAKADSTLR 
VYAKQOLLR 
YAVAOKALK 
KAOSTLRLA 



3.7000 
3.0000 
2.2000 
1.5000 
0.4400 
0.1800 
0.1000 
0.0780 
0.0320 
0.0210 
0.0200 
0.0100 
0.0080 
0.0067 
0.0064 
0.0058 
0.0056 
0.0045 
0.0044 
0.0036 
0.0025 
0.0020 
0.0016 
0.0012 
0.0012 
0.0012 



♦ 
♦ 



♦ 



35 



The average IC 50 value ±SE of the standard in the course of fh . 
experiments considered in this table was 30,3 nM Ssted L rL „m 
are peptides yielding ratio value of *0 001 All nH.ll t l 6 Cable 
yielded ratio values of «0 001 * uu °i- ah other peptides 
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20 



25 



Table 20(C) 
HPV16 E6 and E7 Peptides Binding to HLA-AI 1.2 



30 



Orgin 


First aa 
Position 


Sequence* 


Binding Ratio 
to Standard^ 


Motif 
Prediction 


E6 


33 


IILEAVYAK 


6.7000 


♦ 


E6 


93 


TTLEQQYNK 


1.8000 




E7 


89 


IVAPIASQK 


1.3000 


♦ 


E6 


7 


AMPODPOPR 


U . 04 uu 


♦/- 


B6 


59 


Awl KL/WH It X 


U . 4 /UU 




E6 


80 


ISEYPHY1V 
AOL X An SAX 


ft J "> Aft 

U * 4 300 




E6 


37 




n f\A en 




E6 


145 


CilDCCDTD 
dAAKddK 1 K 


0 . 0330 




E6 


107 


LTRlTNlOlf 


ft ft i •> ft 




E7 


w o 


AAAAi'd 1 LiK 


A A ^ * A 

0.0110 


♦/- 


E6 

MV 






0.0084 


♦/- (♦)» 


E6 


143 


AMSAARSSR 


0.0084 


* 


E6 


79 


KISEYRHYA 


0.0076 




E6 


67 


YAVADKALK 


0.0074 




B7 


52 


YNIVTFAAK 


0.0060 


♦ 


E6 


68 


AVADKALKF 


0.0037 




E6 


69 


VAOKALKFY 


0.0030 


- (♦>.«' 


E6 


38 


VYAKQQLLR 


0.0022 


. ♦/- 


E6 


140 


TGRAMSAAR 


0.0012 


♦/- 


E7 


90 


VAPIASQKP 


0.0012 




E7 


51 


HYNIVTFAA 


0.0010 





Bold A's indicate residues in which cysteine was replaced by alanine. 
The average IC 50 value ±SE of the standard in the course of the 
experiments considered in this table was io x 3 nM. Listed in the table 
are peptides yielding ratio value of *0.001. All other peptides 
yielded ratio values of *0.00l. 

Brackets indicate score according to adjusted motif. 
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Table 20(D) 
HPV16 E6 and E7 Peptides Binding to HLA-A24 



10 



15 



20 



25 



Orgin 



First aa 
Position 



Sequence" 



Binding Ratio Motif 
to Standard? 



E6 


87 


AYSLYGTTL 


0.1200 


♦ 


&o 


72 


KALKFYSKI 


0.1100 


- (♦>* 


E6 


131 


RFHNIRGRW 


0.1000 




B7 


49 


RAHYNIVTF 


0.0670 


- <♦>* 


E6 


49 


VYDFAFRDL 


0.0610 


♦ 


B6 


82 


EYRHYAY5L 


0.0460 




E6 


26 


L0TTIHDII 


0.0200 




B6 


66 


PYAVADKAL 


0.0055 




E6 


1 


MHQKRTAMF 


0.0049 




E6 


85 


HYAYSLYGT 


0.0037 




E6 


44 


LLRREVYDF 


0.0023 


♦ 


E6 


38 


VYAKQQLLR 


0.0011 





+ Bold A's indicate residues in which cysteine was replaced by alanine 
Brackets indicate score according to adjusted motif. 



WO 94/03205 



PCI7US93/07421 



99 



rr 



vo 



o 



o 
o 



<<^H(otorpMM 



~! K) i- 
Q> Ot M 

vn 



O O • 03 



~ w ~<* 

x ~ — * i- *> k>~* 



w * c\ 



^ K> K> ~» 

o 



^ S ^ 



VO K> 



• • m w w - . ut 
%o in a» «r 

Sir* 



K> W l- K> , 
>J W M O 



* K> •«* fO 
%J *o O 



oooog°oooo 



3 
0 



o 
w 

CO 



■3 

"S 

90 



CO 



z 
o 

P9 
50 
CO 



z 

o 
z 



a 
w 
» 



on . 



WO 94/03205 



PCT/US93/07421 



100 



o 
o 



* XX PCX 



K> i_» ^ 



• g« "J ^ o 



^ -* U* — > 

• o • m ° 
tn <*i 



U> M K> K> ^ 
W O >J O 



o o o o 2 
o o o o 2 



i 

3 



z 
o 
m 
» 

CO 



o 5 



Z 
O 

m 

CO 



z 



z 
o 
to 

CO 



3 

r 



WO 94/03205 ' PCT/US93/07421 



101 



o 

I 

3 
* 

CD 



, 8 



o o o o 



z 

o 
w 

CO 



^ JJ] VD ^ C\ 

ki^t^io r"* rt «— 



fc* to 



a> ui ^ «j 



r 5 ^ - o o - - . 



o o o 



w CO 



2a 

Z I 



> 



i/» It ft uj ^ ^ X — C *** I I o 



z 
o 
n 
so 

(0 



p9 
CO 



o o 



ooo 



z 
o 
z 



z 

O 
W 
3D 
CO 



WO 94/03205 



PCI7US93/07421 



102 



<H2rHon> 



o 
x> 



0\ ^ * N* 

o ~ u» £ — . w 

0 U> W^U»<D 00 W 



o 

D 

■ * 







in 




cx> — 

— K> 


to 






o • 


o I 


KJ 






o 


-J 





















— KJ 



^ oo w 

or 



z z 5s ^* 



52 • ° • . o o o 



O ^* O K) 



o o X o o 



o o o 
o o 



oojoo 22 



3 

CD 



1 



z 
o 
m 

3D 
0) 



z 

z 3 
oS 

So 



Z 

o 
to 
50 

€0 



I 



5 



on 
So 



CO 



WO 94/03205 



103 



PCT/US93/07421 




WO 94/03205 PCT/US93/07421 



104 



Fcptidt 




AA 


Vifftta 


Strain 


MoUcul* 


Po*. 


Mottf 


Al 


A12 


All 


I 

i 

1 A24 




vcEAimcr 


U 


EBNAl 


1 




409 


1 










14099 
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Peptide ID / 

777.03 
10 924.07 

927.32 

938.01 

939.03 

941.01 
15 1044.04 

1044.05 

1044.06 



Table 25 a 

Peptides Synthesized 
by Cytel For Loading 
Onto Acid Stripped 
Autologous PBMCs and 
PHA Blasts 
Antigen 

HBs 

HBc 

HBp 

MAGE 1 

PSA 

HBC 

PAP 

PSA 

PSA 



Sequence 
FLLTRILTI 
FLPSDFPPSV 
GLYSSTVPV 
EADPTGHSY 
VLVHPQWVL 
FLPSDYFPSV 
ILLWDPIPV 
KLQCVDLVHI 
MLLRLSEPAEL 



20 Table 25 b 

Cell Population 



JY acid stripped 
25 JY acid stripped 
JY control 
JY control 



l25 I-Labeled 

Peptide +/- Cold 

Peptide 

- cold peptide 

+ cold peptide 

-cold peptide 

+ cold peptide 



CPMS 
+/- std. dev. 

3553 ±157 n « 3 

13 n - 1 

370 ±37 n » 3 

50 n = 1 
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WiftT IS CLAIMED IS? 

1. A composition comprising an immunogenic peptide 
having a HLA-A3.2 binding motif , which immunogenic peptide has 

5 between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue selected from the group 
consisting of L, M, I, V, S, A f T, F, C, G, D and E; 

and a second conserved residue of K, R, Y, H and F; 
10 wherein the first and second conserved residues are 

separated by 6 to 7 residues. 

2. The composition of claim l f wherein the first 
conserved residue is at the second position from the 

15 N-terminus. 

3. A composition comprising an immunogenic peptide 
having a HLA-A1 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 

20 residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, S and T; 
a third conserved residue of Y; 

wherein the first and second conserved residues are 
25 adjacent and the second and third conserved residues are 
separated by 5 or 6 residues. 

4. The composition of claim 3, wherein the first 
conserved residue is at the second position from the 

30 N-terminus. 

5. A composition comprising an immunogenic peptide 
having a HLA-A1 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 

35 residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of Y; 
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wherein the first and second conserved residues are 
separated by 6 to 7 residues*. 

6. The composition of claim 5, wherein the first 
5 conserved residue is at the second position from the 

N-terminus and the second conserved residue is at the ninth or 
tenth position from the N-terminus. 

7. A composition comprising an immunogenic peptide 
10 having an HLA-A1 binding motif, which immunogenic peptide has 

between 9 and about 10 residues and the following residues, 
from the N-terminus to the C-terminus. 

a first conserved residue of D, E, A, S and T; and 

a second conserved residue of Y; 
15 wherein the first and second conserved residues are 

separated by 5 to 6 residues* 

8* The composition of claim 5, wherein the first 
conserved residue is at the third position from the N-terminus 
20 and the second conserved residue is at the ninth or tenth 
position from the N-terminus. 

9. A composition comprising an immunogenic peptide 
having a HLA-A11 binding motif, which peptide has between 

25 about 9 and about 10 residues and the following residues, from 
the Nterminus to the C-terminus: 

a first conserved residue of L, M, I, V, A, S, T, 6, 
N, Q, C, F, D, E; and 

a second conserved residue of K, R, H; 
30 wherein the first and second conserved residues are 

separated by 6 to 7 residues. 

10. The composition of claim 9, wherein the first 
conserved residue is at the second position from the 

35 N-terminus. 



11. A composition comprising an immunogenic peptide 
having a HLA-A24.1 binding motif , which immunogenic peptide 
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has between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C- terminus: 

a first conserved residue of Y, F, W; and 
a second conserved residue of F, I, L, W, M; 
5 wherein the first and second conserved residues are 

separated by 6 to 7 residues. 

12* The composition of claim 11 , wherein the first 
conserved residue is at the second position from the 
10 N-terminus. 

13. A composition comprising an immunogenic peptide 
having an HLA-A3.2 binding motif, which immunogenic peptide 
has 9 or 10 residues: 

15 a first conserved residue at the second position 

selected from the group consisting of A, I, L, M, T, and V; 
and a second conserved residue at the C terminal postion 
selected from the group consisting of K and R. 

wherein the first and second conserved residues are 

20 separated by 6 to 7 residues. 

14. A composition comprising an immunogenic peptide 
having an HLA-A11 binding motif, which immunogenic peptide has 
9 or 10 residues and the following residues, from the 

25 N-terminus to the Cterminus: 

a first conserved residue at the second position from 
the N terminus selected from the group consisting of A, I, L, 
M, T and V; and 

a second conserved residue at the C terminal position 
30 selected from the group consisting of K; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

15. A pharmaceutical composition comprising a 

35 pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA-A3.2 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 
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a first conserved residue selected from the group 
consisting of L, M, I, V, s, A, T, F, C, G, D and E; and 
a second conserved residue of K, R and Y; 
wherein the first and second conserved residues are 
5 separated by 6 to 7 residues. 

16 . A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA-A1 binding motif, which immunogenic peptide has 

10 between about 9 and about 10 residues and the following 
residues, from the N-terminus to the c-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, S and T; 
a third conserved residue of Y; 
15 wherein the first and second conserved residues are 

separated by 1 residue and the second and third conserved 
residues are separated by 5 or 6 residues. 

17. A pharmaceutical composition comprising a 

20 pharmaceutically acceptable carrier and an immunogerdc peptide 
having a HLA-A1 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S or M; and 
25 a second conserved residue of Tyr; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

18. A pharmaceutical composition comprising a 

30 pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA-A1 binding motif, which peptide has between about 
9 and about 10 residues and the following residues, from the 
N- 

terminus to the C-terminus: 
,5 a first conserved residue of D, E, s, T; and 

a second conserved residue of Y; 

wherein the. first and second conserved residues are 
separated by 5 to 6 residues. 
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19. A pharmaceutical composition comprising a 
pharmaceutical^ acceptable carrier and an immunogenic peptide 
having a HLA-A24.1 binding motif, which peptide has 

a first conserved residue of Y, F, W; and 
5 a second conserved residue of F, I, L, W, or m; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

20. A method of identifying an immunogenic peptide 
10 comprising the following steps: 

determining a binding motif for an MHC molecule 
encoded by a preselected MHC Class I allele; 

screening an amino acid sequence of an antigenic 
protein for the presence of the binding motif; 
15 selecting a sequence in the antigenic protein having 

the binding motif; 

preparing a test peptide of about 8 and about 11 
residues comprising the selected subsequences; 

determining the ability of the test peptide to bind 
20 to the preselected MHC allele and induce a CTL response, 
thereby identifying immunogenic peptides. 
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Figure 4 
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Figure 5 
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Figure 7 
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Figure 9 
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Figure 10 
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Figure H 
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Figure 12 
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Figure 14A 
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Figure 18 
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Figure 20 

Cytotoxic Activity of an HLA-A1 -Restricted CTL Line 
Specific for a MAGE3 Peptide (1044.07) 
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Figure 22 
Peptide Screening: 
MAGE/A11 




E:T Ratio 




E:T Ratio 



WO 94/03205 



23/25 



PCI7US93/07421 



rj.yux.ts <j 



Peptide Screening: 
HIV/A3 



100 1 



80- 



Donor X297 
HIV/A3 
Pool 1 



60 



40- 




20- 



EHM*K562 



00:1 



no 
1068.42 
106943 



E:T Ratio 



100-1 



80- 



Donor X297 
HIV/A3 
Pool 3 



60 



40- 




20- 



no peptide 
1069.46 
1069.47 
-± — 1069.48 



EHM + K562 



10:1 



30:1 



90:1 



E:T Ratio 



WO 94/03205 



24/25 



PCT/US93/07421 



Figure 24 
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Figure 25 
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Identification of TAAs recognized by CD8 + CTLs paved 
the way for new concepts in cancer therapy. In view of the 
heterogeneity of tumors and their diverse escape mecha- 
nisms, CTL-based cancer therapy largely depends on an ap- 
propriate number of TAAs. In prostate cancer, the number 
of antigens defined as suitable targets of CTLs remains 
rather limited. PSCA is widely distributed in prostate cancer. 
In this report, we define immunogenic peptides of PSCA 
which are recognized by circulating CD8 + T cells from pros- 
tate cancer patients and able to activate CTLs in vitro. 
Screening the amino acid sequence of PSCA for peptides 
containing a binding motif for HLA-A*020I resulted in 8 
candidate peptides. Specificity and affinity of peptide binding 
were verified in a competition assay. Frequencies of CD8 + T 
lymphocytes reactive against selected epitopes were deter- 
mined in the blood of prostate cancer patients using the 
ELI SPOT assay. Increased frequencies were revealed for 
CD8 + T cells recognizing the peptides ALQPGTALL and 
AILALLPAL. CTLs from prostate cancer patients were 
raised against these 2 peptides in vitro when presented by 
autologous DCs. They specifically recognized peptide-pulsed 
T2 target cells and prostate cancer cells that were HLA- 
A*020l- and PSCA-positive, indicating that these peptides 
were naturally generated by tumor cells. These data suggest 
that PSCA is a promising target for the immunotherapy of 
prostate cancer. 
© 2002 Wiley-Liss, Inc. 

Key words: prostate stem cell antigen; T cell; tumor antigen; den- 
dritic cell; immunotherapy 

Prostate cancer is the most common cancer diagnosis and the 
second leading cause of cancer-related death in men. 1 Treatment of 
advanced disease is restricted to chemotherapy and hormonal 
therapy. Because of the frequent development of tumor escape 
variants resistant to both types of therapy, alternative treatment 
modalities are required. 

In recent years, immunotherapy of human tumors has advanced 
with the finding that CD8 + CTLs are capable of recognizing and 
destroying tumor cells that expose peptides derived from TAAs 
and bound to MHC class I molecules. 2 In addition, clinical studies 
have clearly demonstrated the potential of adoptive immunother- 
apy based on CD8 + effector T cells. 3 * 4 So far, HLA allele-specific 
peptides from a number of well-characterized prostate- associated 
antigens have been identified as CD8 4 " T-cell epitopes. HLA- 
A*0201 -binding peptides derived from PSA, 5 PSMA^ and PAP 7 
have been described as targets of tumor- reactive CTLs in vitro. 

In addition, the telomerase catalytic subunit 8 and the apoptosis 
inhibitor protein survivin 910 are widely distributed in human tu- 
mor tissues, including prostate cancer. Peptides derived from these 
proteins elicit pcpti de-specific cytotoxic T-cell responses in 
vitro. 11-13 

Attempts to induce systemic CD8 + T-cell immunity to prostate- 
associated antigens have been introduced into the treatment of 
prostate cancer. In a clinical trial, patients with advanced prostate 
cancer received infusions of autologous DCs pulsed with PSMA- 
derived peptides. Vaccination was well tolerated, and objective 



clinical responses were evident in over 30% of evaluated pa- 
tients. 14 In another clinical study, infusion of autologous DCs 
pulsed with a fusion protein consisting of PAP linked to GM-CSF 
was followed by declining PSA levels in some patients. 15 

PSCA was identified by PCR-based subtractive hybridization. 16 
PSCA is predominantly expressed on the surface of prostate cells 
and overexpressed by both androgen-dependent and androgen- 
independent prostate tumors! It has also been found in transitional 
cell carcinoma of the bladder 17 and pancreatic cancer. 18 It belongs 
to a family of glycosylphosphaudylinositol-anchored glycopro- 
teins, and its amino acid sequence shares 30% identity with stem 
cell antigen 2. 16 In situ hybridization and immunohistochemical 
analysis revealed PSCA expression in over 80% of primary pros- 
tate carcinomas and in all bone metastases examined. 16 - 19 A strong 
correlation between the level of PSCA protein expression and 
tumor stage, histologic grade and progression to androgen inde- 
pendence has been documented. 19 

Previous studies have pointed out the suitability of PSCA as a 
target antigen in specific immunotherapy. Firstly, anti-PSCA 
MAbs inhibited tumor growth and formation of metastases in 
mice. 20 Secondly, in vitro stimulation with an HLA-A*0201- 
binding, PSCA-derived peptide induced a tumor-specific CTL 
response. 21 

In this study, CD8 + T cells reactive against 2 of 8 predicted 
HLA-A*0201 -binding PSCA peptides were detected in the blood 
of prostate cancer patients. In addition, these peptides efficiently 
activated CD8 + effector T cells, which are capable of destroying 
prostate cancer cells, indicating their autochthonous presentation. 



Abbreviations: CTL, cytotoxic T cell; DC, dendritic cell; ELI SPOT, 
enzyme-linked immunospot; GM-CSF, granulocyte-macrophage colony- 
stimulating factor; HLA, human leukocyte antigen; HS, human serum; 
MAb, monoclonal antibody; PAP, prostate acid phosphatase; PBMC, pe- 
ripheral blood mononuclear cell; PBST, PBS + 0.05% Tween; PSA, 
prostate-specific antigen; PSCA, prostate stem cell antigen; PSMA, pros- 
tate-specific membrane antigen; TAA, tumor-associated antigen. 
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MATERIAL AND METHODS 

Cell lines 

The prostate cancer cell line PC-3 as well as the HLA-A*0201- 
positive mutant cell line T2 and the chronic myelogenous leukemia 
cell line K-562 (ATCC, Manassas, VA) were cultured according to 
the provider's instructions. The prostate cancer cell line LNCaP 
1740 (ATCC) was cultured in RPMM640 medium with 25 mM 
HEPES buffer and L-glutamine (Life Technologies, Karlsruhe, 
Germany) supplemented with 1 % nonessential amino acids (Bio- 
chrom, Berlin, Germany) and 10% heat-inactivated FCS (Bio- 
chrom). The melanoma cell line 93.04A12.1 was kindly provided 
by Dr. CJ.M. Melief (University Hospital, Leiden, the Nether- 
lands). This cell line was maintained in RPMI-1640 medium 
(Biochrom) supplemented with 2 mM L-glutamine, 10 mM sodium 
pyruvate and 1% nonessential amino acids (all from Biochrom), 
100 \xg/m\ penicillin, 100 (JLg/ml streptomycin (both from Life 
Technologies) and 10% heat-inactivated FCS. 

MHC class I type of cell lines LNCaP 1740, PC-3 and 
93.04A12.1 was determined by PCR analysis at the HLA-typing 
laboratory of the Institute of Immunology (Technical University of 
Dresden): LNCaP 1740: HLA-A*01, *0201, HLA-B*08, *37, 
HLA-Cw*06, *07; PC-3: HLA-A*01, *24, HLA-B*13, *55, 
HLA-Cw*01, *06; 93.04A12.1: HLA-A*0201, *24, HLA-B*40, 
*44, HLA-Cw*03, *05. 

Expression of HLA class I molecules on the cell surface of 
LNCaP 1740, PC-3 and 93.04A12.1 cells stimulated with 200 
U/ml IFN-7 for 48 hr was analyzed by cytofluorometry using a 
FITC-conjugated mouse antihuman HLA-A, -B, -C MAb (clone 
G46-2.6; Pharmingen, San Diego, CA). Mean fluorescence inten- 
sity was 170, 705 and 2,429 arbitrary units for cell lines LNCaP 
1740, PC-3 and 93.04A12.1, respectively. Expression of HLA-A2 
molecules was determined by incubation with the anti-HLA-A2 
MAb MA 2.1 (ATCC) or with mouse IgG, (Pharmingen) as an 
isotype control, followed by staining with an antimouse IgG Fc- 
directed F(ab') 2 fragment coupled to phycoerythrin (Immunotech, 
Marseille, France). Whereas the 93.04A12.1 cell line was strongly 
stained by the MA2.1 MAb, LNCaP 1740 expressed HLA-A2 only 
at low density, yet it was regularly detected on >85% of cells. 

Blood and tumor samples 

All blood and tumor samples were obtained from prostate can- 
cer patients and healthy donors with informed consent. Blood and 
tissue specimens were obtained from prostatectomized patients 
together with clinical information and pathological reports. Preop- 
erative serum levels of PSA were 0.4-38.4 ng/ml. 

Detection of PSCA transcripts in prostate tissue by RT-PCR 

Prostate tissue specimens obtained during prostatectomy and 
immediately stored in liquid nitrogen were available from 6 of 1 1 
prostate carcinoma patients. Total RNA was extracted by standard 
procedures (Trizol LS Reagent; Invitrogen, Karlsruhe, Germany) 
according to the manufacturer's instructions. Purified RNA diluted 
with sterile water was quantitated and assessed for purity by UV 
spectrophotometry. After a DNA digestion step, cDNA synthesis 
was performed using random hexamer primers (Ready to Go You 
Prime First Strand Kit; Amersham, Freiburg, Germany). RNA 
quality was tested using a standard glyceraldehyde-3-phosphate 
dehydrogenase amplification protocol. The primer pair 5'-ATG- 
AAGGCTGTGCTGCTTGCC-375'-CTATAGCTGGCCGGGT- 
CCCCA-3' was used to assess PSCA mRNA expression with a 
touch-down cycling profile of 94°C for 30 sec, 65°C for 30 sec and 
68°C for 1 min (5 cycles), followed by 94°C for 30 sec, 62°C for 
30 sec and 68°C for 1 min (35 cycles) and 1 additional round at 
68°C for 5 min. As positive controls, we used cDNAfrom LNCaP 
1740 and PC-3 cells. 21 

Preparation of DCs 

Blood DCs were isolated using the MAb M-DC8, as described 
previously. 22 Briefly, PBMCs were prepared from blood samples 
by Ficoll-Hypaque (Biochrom) density centrifugation. M-DC8" 1 " 



DCs were obtained by incubating PBMCs for 15 min at 4°C with 
diluted supernatant of the M-DC8 hybridoma containing 10 [xg/ml 
of antibody. After washing with PBS, 1 X 10 8 cells were resus- 
pended in 500 \x\ of PBS and labeled with 10 jxl of rat antimouse 
IgM coupled to paramagnetic microbeads (Miltenyi Biotech, Ber- 
gisch-Gladbach, Germany) for another 15 min at 4°C. After wash- 
ing, cells were thoroughly resuspended to avoid aggregation and 
sorted on a VS+ separation column (Miltenyi Biotech). If neces- 
sary, the highly enriched cells were further purified by a second 
round of magnetic cell sorting. Degassed, ice-cold PBS containing 
1 % HS (CC pro, Neustadt, Germany) was used as running buffer 
and for elution after removal of the magnetic field. By this tech- 
nique, M-DC8 + DCs with a purity of >95% were prepared from 
PBMCs that contained 0.5-2% of this DC population. 

Monocytes were isolated by immunomagnetic cell separation 
with anti-CD 14 antibody coupled to paramagnetic microbeads 
(Miltenyi Biotech) according to the manufacturer's instructions. 
To generate immature DCs, monocytes were cultured in the pres- 
ence of 1,000 U/ml GM-CSF and 1,000 U/ml IL-4 (both from 
Strathmann Biotech, Hanover, Germany) in RPMI-1640 medium 
supplemented with 10% HS for 7 days. For further maturation, 
DCs were cultured for an additional 3 days in the presence of 1 ,000 
U/ml GM-CSF, 1,000 U/ml IL-4, 1,000 U/ml IL-6, 10 ng/ml tumor 
necrosis factor-a, 10 ng/ml IL-lp (all from Strathmann Biotech) 
and 1 jxg/ml prostaglandin E 2 (Sigma- Aldrich, Steinheim, Ger- 
many) in RPMI-1640 medium supplemented with 10% HS. 

Epitope prediction 

Epitope prediction was done as described. 23 Briefly, potential 
HLA-A*0201 ligands were selected from the sequence of PSCA 
(accession AF043498) using a matrix pattern suitable for the 
calculation of nonamer or decamer peptides fitting the HLA- 
A*0201 motif. Such motif-based epitope predictions are available 
on the web (http://www.syfpeithi.de). 

Peptides 

Peptides were synthesized in an automated peptide synthesizer 
432A (Applied Biosystems, Weiterstadt, Germany) following the 
Fmoc/tBu strategy. After removal from the resin by treatment with 
trifluoroacetic acid/phenol/ethanedithiol/thioani sole/water (90/ 
3.75/1.25/2.5/2.5 by vol) for 1 or 3 hr in the case of arginine- 
containing peptides, synthesis products were precipitated from 
methyl-tert butyl ether, washed once with methyl-tert butyl ether 
and twice with diethyl ether and resuspended in water prior to 
lyophilization. Synthesis products were analyzed by HPLC (Var- 
ian Star; Zinsser, Munich, Germany) and matrix-assisted laser 
desorption ionization time of flight mass spectrometry (G2025A; 
Hewlett-Packard, Waldbronn, Germany). Peptides of <80% purity 
were purified by preparative HPLC. 

Competition assay 

To identify potential HLA-A*0201 -binding peptides from the 
amino acid sequence of PSCA, binding studies were carried out using 
whole cells (LCL721 or JY) and a fluorescence-based competition 
assay, essentially as described by Van der Burg et aL 24 but without 
performing acid strip. The reporter peptide was 1LK(HTC)EPVHGV 
from HIV-1 reverse transcriptase; the positive control was 
YLLPAIVHI from RNA helicase p72. All binding data are ex- 
pressed as percentage compared to binding of the positive control. 
Fluorescence intensities were recorded in a flow cytometer (FAC- 
SCalibur; Becton Dickinson, Heidelberg, Germany). 

ELISPOT assay 

Wells of MultiScreen-HA plates (Millipore, Bedford, MA) were 
coated with 100 |xl of mouse-antihuman IFN-7 antibody (10 
|xg/ml, clone 1-D1K; Mabtech, Nacka, Sweden) in PBS. After 
incubation overnight at 4°C, unbound antibody was removed by 6 
washings with PBS. Coated wells were blocked with 100 u,l 
RPMI-1640 supplemented with 10% HS. After 1 hr at 37°C, the 
blocking medium was discarded. Monocytes (5 X 10 4 ) purified by 
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immunomagnetic separation (Miltenyi Biotec) and used as stimu- 
lator cells were plated in each well. Antigen-presenting cells were 
pulsed with peptides in a final volume of 100 juil/well at a concen- 
tration of 100 p.g/mU as previously described. 25 - 26 After 2 hr 
incubation at 37°C, 2 X 10 5 CD8 + T cells isolated by immuno- 
magnetic purification (Miltenyi Biotec) were added to each well. 
Cells were spun down at \50g for 3 min, and the medium was 
pressed through the mixed cellulose ester bottom of the plate. After 
addition of 100 ^1 fresh RPMI-1640 supplemented with 10% HS 
per well, cells were incubated for 36 hr at 37°C. Thereafter, cells 
were removed by 6 washings with PBST and 100 fil of biotinyl- 
ated detection antibody against human IFN-7 (2 |xg/ml, clone 
7-B6-1; Mabtech) were added per well. After 2 hr at 37°C, plates 
were rinsed 6 times with PBST. Then, 100 p,I of an avidin-biotin 
peroxidase complex preparation (ABC Vectastain-Elite kit; Vec- 
tor, Burlingame, CA) were added to each well at a dilution of 
1:100 and incubated for 1 hr at room temperature. Unbound 
complexes were removed by 3 washings with PBST and 3 wash- 
ings with PBS. The staining reaction was started by adding a 
solution of 3-amino-9-ethyl carbazole (Sigma, St. Louis, MO) 
dissolved according to the manufacturer's instructions. The reac- 
tion was stopped after 4 min by washing the plates under running 
tap water. Spots were counted using a stereomicroscope (Zeiss, 
Jena, Germany) at X40 magnification. The cut-off for positive 
spots was defined as a spot size greater than 3 X SD above the 
mean value of the spot diameter obtained in the presence of the 
HIV control peptide. 

In vitro generation of PSCA-specific CTLs 

To generate PSCA-specific CTLs, freshly isolated M-DC8 + 
DCs were pulsed with the individual PSCA-derived peptides at a 
concentration of 20 p-g/ml in serum-free RPMI-1640 medium for 
2-4 hr at 37°C. This peptide concentration has been suitable for 
activation of T cells against various peptides in a series of exper- 
iments. After washing, 2 X 10 5 pepti de-loaded M-DC8 + DCs 
were cocultured with 2 X 10 6 CD8 + T cells isolated by immuno- 
magnetic separation in 2 ml RPMI-1640 medium supplemented 
with 10% HS per well of a 24- well tissue culture plate (Greiner, 
Frickenhausen, Germany). Seven days later, cultures were washed 
and restimulated with peptide-loaded M-DC8 + DCs or, if neces- 
sary, with monocyte-derived DCs at a responder-to-stimulator 
ratio of 5:1 and supplemented with 100 U/ml IL-2 and 10 ng/ml 
IL-7 (both from Strathmann Biotech). After 3-5 cycles of stimu- 
lation, cultures were tested for the presence of PSCA-specific 
CTLs. 

Cr- release assay 

The cytotoxic activity of in vitro stimulated CTLs was tested 
against the HLA-A*0201-positive mutant cell line T2, different 
prostate cancer cell lines, the melanoma cell line 93.04A12.1 and 
the chronic myelogenous leukemia cell line K-562 as targets in a 
4 hr standard 51 Cr-release assay. Briefly, tumor cell lines were 
labeled for I hr at 37°C with 100 |xCi 51 Cr (sodium chromate; 
NEN, Zaventem, Belgium) in 1 ml RPMI-1640 medium. To assay 



the cytotoxic activity of cultured T cells against the predicted 
PSCA peptides, T2 cells were incubated for 4 hr with individual 
peptides at a concentration of 50 u,g/ml and then labeled with 51 Cr 
and used as target The peptide concentration used for loading of 
T2 cells corresponded to that used by other authors. 27 - 28 Cr-labeled 
target cells were washed 3 times and plated in round-bottomed 
96- well plates at 5 X 10 3 cells/well. Effector cells were added as 
triplicates at different ratios. For cold target inhibition experi- 
ments, a 20-fold excess of cold T2 cells loaded with one of the 
PSCA peptides or an irrelevant peptide derived from H1V-1 re- 
verse transcriptase was added to the 51 Cr-labeled LNCaP 1740 
cells. 

After 4 hr incubation, 100 ul of supernatant were collected from 
each well and the released Cr was determined in a p-counter 
(Wallac, Freiburg, Germany). Maximal release and spontaneous 
release were measured by treating labeled cells with 2% Triton 
X-100 (Ferak, Berlin, Germany) or medium alone, respectively. 
Specific cytotoxicity was calculated according to the following 
formula: 

Percent specific lysis = 100 

X [(cpm experimental release 

- cpm spontaneous release)/(cpm maximal release 

- cpm spontaneous release)] 

RESULTS 

Selection of PSCA peptides binding to HLA-A*0201 

The amino acid sequence of PSCA was screened for peptides 
containing the HLA-A*0201 peptide motif. Eight peptides were 
selected according to their score (Table I). Peptides were examined 
for binding to HLA-A*0201 by a competition assay. Peptides 
ALQPGTALL (0374), AILALLPAL (0376), LLLWGPGQL (0378), 
ALLMAGLAL (0380), LLALLMAGL (0347) and ALLPALGLL 
(0354) bound with high affinity, whereas peptides ALQPAAAIL 
(0375) and RIRAVGLLTV (0355) bound with intermediate affin- 
ity (Table I). All peptides were used to detect reactive T cells in the 
blood of prostate cancer patients. 

Detection of PSCA peptide-reactive CD8 + T cells in the blood 
of prostate cancer patients 

By ELISPOT analysis, blood samples of 8 prostate cancer 
patients were tested for the presence of PSCA peptide-reactive 
CD8 + T cells. Clinical data of all patients are summarized in Table 
II. Expression of PSCA in resected tissue was analyzed by RT- 
PCR. PSCA transcripts could be detected in all specimens avail- 
able (Fig. 1, lanes 1-6; Table II). 

. To determine the frequency of PSCA peptide-reactive CD8* T 
cells by the IFN-7 ELISPOT assay, monocytes were prepared by 
immunomagnetic separation from the blood of 8 prostate cancer 
patients expressing the HLA-A*0201 allele. Monocytes were 
loaded with PSCA-derived peptides and then cocultured with 



TABLE I 


-PSCA PEPTIDES SELECTED BY EPITOPE PREDICTION AND TESTED FOR BINDING TO HLA-A*0201 BY COMPETITION ASSAY 


Peptide 


Position' 


Sequence - 


.m.w. 


Length 2 


Score 


BA {%? 


0347 


5-13 


LLALLMAGL 


913.6 


9 


28 


91.9 


0354 


108-116 


ALLPALGLL 


879.6 


9 


30 


102.7 


0355 


52-61 


RIRAVGLLTV 


1096.7 


10 


25 


68.6 


0374- 


14-22 


ALQPGTALL 


882.5 


9 


30 


92.7 


0375 


99-107 


ALQPAAAIL 


866.5 


9 


26 


67.9 


0376 


105-113 


AILALLPAL 


893.6 , 


9 


29 


108.6 


0378 


115-123 


LLLWGPGQL 


995.6 


9 


26 


101.7 


0380 


7-15 


ALLMAGLAL 


871.5 


9 


26 


93.6 



'Values indicate position of peptide in the amino acid sequence of PSCA.- 2 Number of amino acids .-^Binding data are expressed as percentage 
in comparison to the binding of the positive control peptide YLLPAIVHI from RNA helicase p72. Reporter peptide was ILK(FITC)EPVHGV 
from H1V-1 reverse transcriptase. Test peptides, positive control and reporter peptide were used at a concentration of 10 u,M. BA, binding 
affinity. 
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autologous purified CD8 + T cells. As a positive control, mono- 
cytes were loaded with influenza matrix peptide; as a negative 
control, stimulator cells were either pulsed with an HIV-derived 
peptide or left impulsed. Results of the ELISPOT analysis are 
summarized in Table III. CD8 + T cells reactive against influenza 
matrix peptide were detected in all patients. The frequency of 
CD8 + T cells reactive against peptide 0376 was increased in 4 of 
8 patients. In addition, enhanced frequencies of CD8 + T cells 
reactive against peptide 0374 were detected in 2 patients. In 
contrast, no or only weak T-cell responses against the other 6 
PSCA peptides were observed in prostate cancer patients. When, 
for comparison, CD8 + T cells purified from the blood of 3 healthy 
HLA-A*0201 -positive donors were tested by ELISPOT assay, no 
response against any of the selected PSCA peptides was detected, 
whereas influenza-reactive CD8 + T cells were present in all 3 
donors (Table III). 



TABLE II - HISTOPATHOLOGICAL DATA AND PSCA EXPRESSION IN 
TUMOR SPECIMENS OF ALL ANALYZED PATIENTS 



Patient 


Age 1 
(years) 


Staging 


Grading 


GS 


PSCA 2 


1 


72 


pT2NxcM0 


lib 


7 


+ 


2 


69 


pT2apN0cM0 


Ilia 


8 


+ 


3 


68 


pT2apN0cMO 


lib 


6 


+ 


4 


71 


pT4pNxcM0 


lib 


8 


+ 


5 


61 


pT2bpNxcM0 


nb 


7 


+ 


6 


60 


pT2bpN0cM0 


lb 


6 


+ 


7 


68 


pT2bpN0cM0 


Ilia 


7 


n.d. 


8 


67 


pT2bpN0cM0 


Ha 


5 


n.d. 


9 


60 


pT2bpN0cM0 


Ha 


6 


n.d. 


10 


67 


pT2bpN0cM0 


Ila 


5 


n.d. 


11 


68 


pT2bpN0cM0 


nia 


8 


n.d. 



1 Patient age at the time of radical prostatectomy. - 2 PSC A mRNA 
expression determined by RT-PCR in tissue specimens obtained dur- 
ing tumor resection. GS, Gleason score; n.d., not determined. 
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Figure 1 - RT-PCR analysis of PSCA mRNA expression in cell 
lines and tumor samples of patients included in our study. Lanes 1-6 
represent PCR results of tumor tissue analysis of patients 1-6, respec- 
tively. Prostate carcinoma cell lines LNCaP 1740 (lane 7) and PC-3 
(lane 8) and melanoma cell line 93.04A12.1 (lane 9). 



In vitro generation of PSCA peptide-reactive CD8 + cytotoxic 
effector T cells 

To evaluate the capacity of the 2 identified PSCA peptides to 
activate cytotoxic effector T cells in vitro, CD8 + T lymphocytes 
were purified from PBMCs of 3 prostate cancer patients (patients 
9-11). Clinical data of these patients are shown in Table II. CD8 + 
T cells were subjected to 3-5 weekly stimulations with autologous 
peptide-loaded DCs. Specific cytotoxicity was determined in a 
Cr-release assay with peptide-pulsed T2 cells as targets. When 
CD8 + T lymphocytes from prostate cancer patients 9 and 10 were 
stimulated with peptide 0376, efficient lysis of T2 target cells 
loaded with this peptide was observed whereas only background 
lysis was detected with unloaded T2 cells (Fig. 2a). To determine 
whether peptide 0376 originates from natural processing of PSCA 
and is presented on the surface of tumor cells, peptide- stimulated 
CD8 + T cells of the 2 donors were tested against the HLA- 
A*0201 -positive and PSCA-positive prostate cancer cell line 
LNCaP 1740, the HLA-A*0201-negative and PSCA-positive pros- 
tate cancer cell line PC-3 as well as the HLA-A*0201 -positive and 
PSCA-negative melanoma cell line 93.04A12.1. PSCA expression 
of these cell lines was determined by qualitative RT-PCR (Fig. 1, 
lanes 7-9). To exclude natural killer cell-like activity, K-562 cells 
were also used as targets. To increase the processing and presen- 
tation of endogenous antigens, tumor cells were cultured in me- 
dium supplemented with 200 U/ml IFN-7 over 48 hr before being 
used as target cells in the Cr-release assay. Peptide- stimulated T 
cells from all donors efficiently lysed LNCaP 1740 cells, whereas 
only weak lysis was observed against PC-3, 93.04A12.1 and 
K-562 cells (Fig. 2b,c). Peptide specificity of CTL-mediated kill- 
ing was further demonstrated by cold target inhibition experi- 
ments. As shown in Figure 2d, lysis of LNCaP 1740 cells was 
specifically blocked by cold T2 target cells pulsed with peptide 
0376, whereas no significant inhibition of lysis was observed when 
unlabeled T2 cells were pulsed with the irrelevant HIV peptide; 

Stimulation of CD8 + T lymphocytes from prostate cancer pa- 
tients 9 and 1 1 with peptide 0374 resulted in the lysis of T2 cells 
loaded with this peptide (Fig. 3a). These CD8 + T cells exhibited 
marked lysis of LNCaP 1740 cells yet were unable to lyse PC-3, 
93.04A12.1 and K-562 cells to a significant degree (Fig. 3b,c). 
Specificity of lysis was again verified by cold target inhibition 
(Fig. 3d). 



DISCUSSION 

Expression of the recently identified protein PSCA is restricted 
to prostate tissue, prostate carcinoma cells and some other tumors. 
Remarkably, it is overexpressed in both androgen-dependent and 
androgen-independent prostate tumors, including bone metastases, 
and appears to be upregulated in advanced tumors. 19 In the present 



TABLE m- DETECTION OF CD8 + T-CELL REACTIVITY AGAINST HLA-A*0201-BINDING PSCA PEPTIDES IN THE BLOOD OF 

PROSTATE CANCER PATIENTS BY ELISPOT ASSAY 



Patient Healthy Donor 



Peptide 




2 


3 


4 


5 


6 


7 


8 


1 


2 


3 


No peptide 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


Influenza 


47.0 


20.0 


16.0 


15.7 


102.3 


32.7 


230.0 


10.3 


14.0 


8.3 


11.3 


PSCA 0347 


0 


0 


0.7 


0 


n.d. 


n.d. 


0.7 


0 


n.d. 


n.d. 


n.d. 


PSCA 0354 


2.7 


0 


0.7 


0 


1.3 


n.d. 


0 


0.7 


0 


0 


0 


PSCA 0355 


0.7 


0.7 


0 


0 


1.0 


n.d. 


0 


0 


n.d. 


n.d. 


n.d. 


PSCA 0374 


3.7 


0 


0 


0 


57.3 


27.0 


0 


4.7 


0 


0 


0 


PSCA 0375 


0 


0.7 


0 


0 


1.0 


n.d. 


0 


0 


n.d. 


n.d. 


n.d. 


PSCA 0376 


36.0 


15.3 


0 


0 


50.3 


30.3 


0.7 


1.0 


0.7 


0 


0 


PSCA 0378 


3.7 


2.3 


0 


0.7 


2.3 


n.d. 


0 


1.3 


0 


0 


0 


PSCA 0380 


2.3 


2.3 


0.7 


1.3 


0.7 


n.d. 


0 


0 


0.7 


0 


0.7 



Monocytes of 8 prostate cancer patients and 3 healthy donors were pulsed with 100 ixg/ml of HIV peptide ILKEPVHGV from reverse 
transcriptase, influenza peptide GILGFVFTL from matrix protein Ml or one of the PSCA peptides or left unpulsed; Monocytes were then used 
as antigen-presenting cells. Monocytes (5 X 10 4 ) were coincubated for 36 hr with 2 X 10 s purified CD8 + T cells. Results are presented as means 
of triplicate determinations. SEM was <15% for all determinations. Relevant reactivities are marked in bold, n.d., not determined. 
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Figure 2 - Recognition of endogenous] y produced PSCA-derived peptide 0376 by PSCA-reactive CTLs. Purified CD8 + T lymphocytes from 
the blood of 2 prostate cancer patients were activated by consecutive rounds of stimulation against PSCA-derived nonamer peptide 0376 
presented by purified autologous DCs. (a) Peptide-loaded, HLA-A*0201 -positive T2 cells were labeled with 51 Cr. The different T-cell cultures 
were added at an E:T ratio of 20: 1 . T2 cells without PSCA-derived peptide served as controls. After 4 hr of incubation, Cr release was measured. 
(b,c) Activated CD8 + T cells were cocultured with 5 X 10 3 5, Cr-labeled LNCaP 1740, PC-3, 93.04A12.1 or K-562 tumor cells/well at various 
E:T ratios (3:1, 10:1, 30:1). After 4 hr incubation, Cr release was measured, (d) Cold target inhibition of LNCaP 1740 cell lysis was performed 
at an E:T ratio of 30:1. Cold T2 cells pulsed with HIV peptide ILKEPVHGV from reverse transcriptase or PSCA-derived peptide 0376 were 
added at a cold:hot ratio of 20:1. All results are presented as means ± SEM of triplicate determinations. 



study, we show by ELISPOT analysis that PSCA-derived peptides 
are recognized by CD8 + T cells in the blood of prostate cancer 
patients. 



The ELISPOT assay has become a favored and widely em- 
ployed method for quantification of T lymphocytes reactive 
against TAA-derived epitopes. For instance, marked ELISPOT 
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Figure 3 -Generation of cytotoxic effector cells specific for PSCA-derived peptide 0374. Purified CD8 + T lymphocytes from 2 prostate 
cancer patients were stimulated weekly with purified autologous DCs loaded with PSCA-derived nonamer peptide 0374. (a) Pepude-pulsed, 
HLA-A^Ol-posiuve, T2 cells were labeled with 5l Cr. The different T-ceil cultures were added at an E:T ratio of 20:1. T2 cells without 
PSCA-derived peptide served as controls. After 4 hr of incubation, Cr release was measured. (b,c) Activated CD8 + T cells were cocultured with 
51 Cr-labeled 5 X 10 3 LNCaP 1740, PC-3, 93.04A12.1 or K-562 cells/well at various E:T ratios (3:1, 10:1, 30:1). After 4 hr of incubation, Cr 
release was measured, (d) Pepti de-specific blocking of LNCaP 1740 cell lysis was analyzed by cold target inhibition at an E:T ratio of 30:1. 
Unlabeled T2 cells loaded with HIV peptide 1LKEPVHGV from reverse transcriptase or PSCA-derived peptide 0374 were added at a co!d:hot 
ratio of 20:1. All results are presented as means ± SEM of triplicate determinations. 
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reactivity against peptides of the apoptosis inhibitor protein sur- 
vivin, which had previously been identified by inducing CTL 
responses, 13 were detected in the blood of tumor patients. 29 . In 
another study, strong CD8 + T-cell reactivity against NY-ESO-1 - 
derived peptides was found by ELI SPOT assay in patients with 
stage IV melanoma and other types of advanced cancer. 30 In 
addition, ELISPOT analysis allowed detection of NY-ESO-l-re- 
active CD4 + T cells in the blood of melanoma patients. In this 
approach, the HLA class H-binding peptides were defined by 
T-cell proliferation assays. 31 

Taking into account that HLA-A*0201 is the most frequent 
HLA-A allele in Caucasian individuals, we used epitope prediction 
to select 8 PSCA-derived peptides that bound to HLA-A*0201 
molecules as determined by a competition assay. Peptides that bind 
HLA-A*0201 with high affinity are predominantly nonamers and 
decamers with allele-specific anchor residues at positions 2 and 9 
for nonamers and positions 2 and 10 for decamers. 23 Typical 
anchor residues are isoleucine (I) or leucine (L) at position 2 and 
valine (V), leucine (L) or methionine (M) at the C-terminal posi- 
tion. All selected PSCA peptides fulfilled the requirements for 
HLA-A*0201 binding. 

Of this collection, peptides 0376 and 0374 were recognized by 
an increased number of circulating CD8 + T cells from prostate 
cancer patients when analyzed by ELISPOT assay. Tumor peptide- 
reactive CD8 + T cells have been mainly observed in patients with 
advanced tumors, 30 - 32 - 33 whereas our data provide evidence that 
such T lymphocytes can also be found in patients with localized, 
nonmetastatic disease. Detection of PSCA peptide-reactive CD8 + 
T-cell responses in patients who also express PSCA in their tumors 
suggests that PSCA can serve as an immunogenic TAA in vivo. 
This observation is in accordance with the previous description of 
CD8 + T-cell responses against NY-ESO-1 -derived peptides oc- 
curring only in patients with NY-ESO-1 -expressing tumors. 30 



PSCA peptides 0376 and 0374 were further substantiated as 
candidate targets for the immunotherapy of prostate cancer by 
evaluating their ability to induce CTL responses in vitro when 
presented by DCs for stimulation. The specificity of lysis was 
tested employing pepti de-loaded T2 cells. Peptide-specific CTLs 
efficiently lysed peptide-loaded T2 cells. Moreover, these CTL 
populations lysed the HLA-A *0201 -positive, PSCA-expressing 
prostate cancer line LNCaP 1740. Lysis of LNCaP 1740 cells by 
PSCA peptide-activated CD8 + T cells was peptide-specific and 
HLA-restricted, as shown by a number of control experiments: 
killing of LNCaP 1740 cells was inhibited by adding unlabeled T2 
cells pulsed with PSCA peptides 0376 or 0374, whereas no sig- 
nificant blockade of lysis was observed when cold T2 cells were 
pulsed with an irrelevant peptide. Furthermore, neither the HLA- 
A*0201 -negative and PSCA-positive prostate cancer cell line 
PC-3 nor the HLA-A*0201 -positive and PSCA-negative mela- 
noma cell line 93.04A12.1 was lysed. In addition, natural killer 
cell-like activity was excluded by the absence of significant lysis 
of K-562 cells. These data confirm the endogenous origin of both 
peptides and their presentation by LNCaP 1 740 cells. 

Stimulated CTLs from a prostate cancer patient have been 
described to recognize peptide PSCA M _ 22 , which corresponds to 
peptide 0374. 21 

In summary, we show circulating CD8 + T cells reactive against 
2 HLA-A*0201 -binding PSCA-derived peptides in prostate cancer 
patients and specific lysis of tumor cells by CTLs activated against 
these peptides. Our results emphasize the suitability of PSCA as a 
target molecule for the immunotherapy of prostate cancer. 
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Abstract 

A recombinant vaccinia virus encoding human pros- 
tate-specific antigen (rV-PSA) was administered as three 
consecutive monthly doses to 33 men with rising PSA levels 
after radical prostatectomy, radiation therapy, both, or met- 
astatic disease at presentation. Dose levels were 2.65 x 10 6 , 
2.65 x 10 7 , and 2.65 X 10 s plaque forming units. Ten 
patients who received the highest dose also received 250 
jxg/m 2 granulocyte-macrophage colony-stimulating factor 
(GM-CSF) as an immunostimuiatory adjunct. No patient 
experienced any virus-related effects beyond grade I cuta- 
neous toxicity. Pustule formation and/or erythema occurred 
after the first dose in all 27 men who received 2:2.65 X 10 7 
plaque forming units. GM-CSF administration was associ- 
ated with fevers and myalgias of grade 2 or lower in 9 of 10 
patients. PSA levels in 14 of 33 men treated with rV-PSA 
with or without GM-CSF were stable for at least 6 months 
after primary immunization. Nine patients remained stable 
for 1 1-25 months; six of these remain progression free with 
stable PSA levels. Immunological studies demonstrated a 
specific T-cell response to PSA-3, a 9-mer peptide derived 
from PSA. rV-PSA is safe and can elicit clinical and immune 
responses, and certain patients remain without evidence of 
clinical progression for up to 21 months or longer. 
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Introduction 

Prostate cancer was diagnosed in —174,500 men in 1998 
(1). Thirty percent of patients have metastatic disease at pres- 
entation, and of those treated with primary radical prostatectomy 
or radiation therapy, a significant proportion will relapse. Treat- 
ment with androgen ablation for recurrent prostate cancer, al- 
though providing effective palliation in many patients, is rarely 
curative, and the vast majority patients eventually demonstrate 
progressive disease (2-4). Effective hormonal therapy requires 
surgical or medical castration with resulting impotence, loss of 
libido, loss of muscle mass, weight gain, gynecomastia, and hot 
flashes. Patients with rising PSA 3 after primary therapy will 
inevitably progress to overt metastatic disease. At present, the 
treatment options for this group of patients with small tumor 
burdens and otherwise normal health are to wait for the occur- 
rence of overt metastatic disease, to begin hormonal therapy 
with its attendant side effects, or to enroll in investigational, 
therapies. 

Because PSA is expressed exclusively in prostatic epithe- 
lial cells, whether normal or transformed, it represents an at- 
tractive target for immunotherapy (5). The availability of a 
recombinant vaccinia virus that expresses rV-PSA allows clin- 
ical testing of this concept. Because vaccinia evokes both hu- 
moral and cell-mediated responses, co-expression of PSA with 
viral proteins may enhance inimunogenicity to cells expressing 
PSA, resulting in the lysis of cells expressing this antigen. 

CTLs recognize protein antigens as small peptides (9-10 
amino acids long) associated with MHC class I molecules (6, 7). 
Previous studies involved a determination of whether PSA con- 
tains epitopes capable of binding class I HLA A2 molecules and 
could elicit CD8 + cytolytic T-Iymphocyte responses, and 
whether the CTLs generated could Iyse human prostatic cancer 
cell lines in a MHC-restricted manner (8, 9). The HLA-A2 allele 
was chosen for study because it is expressed in —50% of the 
population and the HLA binding motifs for peptides are known. 
Several peptides within the PSA molecule have been identified 
that bind the A2 site. These peptides, when incubated with 
PBMCs from normal donors (serving as antigen-presenting 
cells) in the presence of interleukin-2, were able to generate 
T-cell lines. Several of these T-ce!l lines when pulsed with one 
of these peptides, designated PSA-3, were able to lyse HLA-A2- 
positive target cell lines and cell lines infected with rV-PSA but 
not wild-type vaccinia-infected cells. More importantly, these 
T-cell lines were able to lyse human prostatic carcinoma cell 
lines and other cell types expressing PSA and possessing the 
HLA-A2 allele (8). Subsequent studies have identified other 



3 The abbreviations used are: PSA, prostate-specific antigen; rV-PSA, 
recombinant vaccinia virus expressing PSA; PBMC, peripheral blood 
mononuclear cell; pfu, plaque-forming unit(s); GM-CSF, granulocyte/ 
macrophage-colony stimulating factor; CEA, carcinoembryonic antigen; 
DLT, dose-limiting toxicity; Flu, influenza. 
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epitopes of PSA capable of eliciting CTLs that will lyse PSA 
expressing prostate carcinoma cells (9). 

Recombinant vaccinia virus constructs expressing tumor- 
associated antigens have been developed and tested in primates 
and humans without significant toxicity (10-12). In a preclini- 
cal toxicology study, rV-PSA was administered to rhesus mon- 
keys, which have a 94% amino acid homology to human PSA. 
Local erythema, regional lymphadenopathy, and transient ele- 
vations of WBC counts were observed. Mild temperature ele- 
vations were seen in some animals. There was no effect on body 
weight, clinical chemistries, or other untoward effects. A PSA- 
specific IgM response was seen in all monkeys tested, and all 
four of the monkeys inoculated with 1 X 10 8 pfu rV-PSA 
developed specific T-cell responses to PSA' protein for up to 270 
days (13). 

Several biological adjuvants have used to enhance T-cell 
responses to tumor-associated antigens. One of the more prom- 
ising of these adjuvants is recombinant GM-CSF (14-16). 
When administered either at the site of a peptide immunization 
in experimental systems or with an anti-idiotype monoclonal 
antibody protein in clinical studies, GM-CSF was shown to 
enhance antigen-specific immune responses (14, 15). In recent 
experimental studies, GM-CSF was shown to enhance the im- 
mune response to CEA when given the day of and 3 consecutive 
days after a rV-CEA vaccine (17). 

We have conducted a phase I trial of rV-PSA vaccine in 
men with advanced cancer of the prostate. We report here that 
administration of rV-PSA is safe and that the vaccine induces 
PSA-specific immune responses and potential clinical activity. 

Patients and Methods 
Patient Selection 

Patients were required to have a histologically confirmed 
diagnosis of prostatic adenocarcinoma and evidence of ad- 
vanced disease by any of following: (a) lymph node involve- 
ment with cancer and PSA ^ 10 ng/ml; (b) bone scan repre- 
senting metastatic cancer and PSA ^ 10 ng/ml; (c) post radical 
prostatectomy with rising PSA £: 2 ng/ml (three determinations 
monthly or greater); or (d) post radiation therapy and PSA ^ 10 
ng/ml and rising. Patients needed to be Eastern Cooperative 
Oncology Group performance status 0 or 1; have adequate 
hematological, hepatic, and renal function; have normal immu- 
nological testing as defined by positive delayed hypersensitivity 
skin testing (mumps, Candida, and trichophytin); have a CD4: 
CD8 ratio > 1 ; and have normal serum immunoglobulin levels. 
Prior vaccinia exposure (as the small pox vaccine in childhood 
or during military service) was required, either by documenta- 
tion, presence of an inoculation scar, or patient history. Neoad- 
juvant hormonal therapy was permitted as long as the preceding 
criteria for prostate cancer progression were met. 

Exclusion criteria were prior hormonal therapy or chemo- 
therapy for advanced disease, a history of autoimmune diseases 
associated with altered immune function, and prior splenectomy 
or active cases of skin disorders, such as eczema, extensive 
psoriasis, disseminated zoster, bums, or impetigo. Evidence of 
metastatic bony disease, including bony pain or radionuclide 
imaging, was an exclusion. 



Treatment Plan 

rV-PSA vaccinations were administered to each patient at 
4-week intervals for a total of three doses. Three dose levels 
were used. Six patients were. treated at the lowest dose level and 
evaluated for toxicity at 4 weeks after initial vaccination before 
they were entered at the next higher dose level. Patients were 
followed weekly until 28 days after the final dose (day 85) and 
then monthly for 6 months. When the highest dose of the 
rV-PSA vaccine was reached, an additional five patients were 
treated to further assess potential toxicity. An additional 10 
patients were treated with GM-CSF in conjunction with the 
rV-PSA at dose level of 2.65 X 10 s pfu. GM-CSF (250 jxg/m 2 ) 
was administered s.c. on days -1, 0, 1, and 2 of the rV-PSA 
treatment. The intradermal rV-PSA was administered in the skin 
immediately above the s.c. GM-CSF site. If patients experienced 
nonhematological toxicity of grade 3 or higher, the GM-CSF 
dose was reduced to 125 (xg/m 2 . 

Patients were seen weekly for the first 2 months, and then 
monthly. Complete interval histories, physical examinations, 
blood chemistries, electrocardiograms, and serum PSA were 
obtained. All patients were evaluated for toxicity by the Com- 
mon Toxicity Criteria 2.0 (http//www.ctep.nci.nih.gov) and the 
vaccinia toxicity grading scale (Centers for Disease Control). 
Patients were followed until disease progression. 

• DLT was defined as any of the following: grade 4 vaccinia 
toxicity; grade 4 hematological toxicity; or grade 3/4 nonhema- 
tological toxicity, except nausea, vomiting, or fever. The max- 
imum tolerated dose was defined as the dose below that dose at 
which DLT occurred in two patients. 

Vaccinia-related Toxicity Grading. Vaccinia-related 
toxicity grading was as follows: grade 1, cutaneous reaction 
extending <10 cm from the vaccination site; grade 2, general- 
ized cutaneous reaction extending > 1 0 cm from the vaccination 
site, and autoinoculation syndrome without sequelae; grade 3 
was not applicable; grade 4, autoinoculation syndrome with 
sequelae; post vaccinia encephalitis, vaccinia gangrenosum, ec- 
zema gangrenosum, and Stevens-Johnson syndrome (18). 

Criteria for Response. No patient on this trial had meas- 
urable disease. Therefore, the following response criteria were 
used: complete response was defined as normalization of the 
PSA value for three successive monthly determinations; a par- 
tial response was defined as a decline of PSA value by >80% 
(without normalization) for three successive monthly determi- 
nations; stable disease was defined as a decline in PSA of <80% 
or an increase in PSA value up to 50% for three successive 
monthly determinations; and progressive disease was defined as 
any increase in PSA to >50% above baseline for three succes- 
sive monthly determinations or the appearance of new lesions. 

Vaccine Formulation 

rV-PSA, constructed and manufactured by Therion Bio- 
logicals Corporation, was provided by the NCI (NSC no. 
678892). The vaccine was derived from the Wyeth [New York 
City Board of Health, associated with the lowest incidence of 
clinical complications (19)] strain of vaccinia by the insertion of 
the PSA gene into the viral genome ( 1 3). Two equivalent lots of 
rV-PSA were used during the study. The first lot included vials 
containing 0.1 ml of vaccine at a concentration of 2.65 X 10 9 
pfu/ml in PBS with 10% glycerol. In the second lot, vaccine 
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Table 1 Toxicity 



Toxicity (number of patients/total patients) 



Group 


Treatment 


Alkaline phosphatase 


Fever" 


Cardiovascular 


1 


2.65 X 10 6 pfu rV-PSA 


0/6 


0/6 


0/6 


2 


2.65 X 10 7 pfu rV-PSA 


0/6' 


0/6 


0/6 


3 


2.65 X 10* pfu rV-PSA 


1/11 


0/11 


0/11 


4 


2.65 xWpfu rV-PSA 


0/10 


1/10 


1/10 




+ 250 u.g/m 2 GM-CSF 









Grades 2 and 3. 



vials contained 0.3 ml at a concentration of 1.17 X 10 9 pfu/ml 
Administration was via intradermal inoculation using a needle 
and syringe. A sterile, nonadherent dressing (i.e., "Telfa") was 
used to cover the site. 

Collection of PBMCs 

PBMCs were collected in heparinized tubes from HLA- 
A2-positive patients treated with rV-PSA and GM-CSF. The 
mononuclear cell fraction was separated by Ficoll-Hypaque 
density gradient separation, washed three times with cold PBS, 
and frozen in 90% heat-inactivated AB serum and 10% DM SO 
at -80°C until assayed. Five vials per patient were stored, with 
1 X 10 7 cells/vial. After collection of serial samples, each 
patient's pretreatment, postvaccination-1, post-2, and post-3 
samples were resuspended in RPMI 1640 supplemented with 15 
mM HEPES buffer (pH 7.4), 10% pooled, heat-inactivated AB 
serum, 2 mM L-glutamine, 0.1 mM nonessential amino acids, 1 
mM sodium pyruvate, 50 p,M p-mercaptoethanol, 100 units/ml 
penicillin, and 100 |Jtg/ml streptomycin (20). 

Immunoassay 

PBMCs from pre, post-1, post-2, and post-3 immuniza- 
tions were thawed and used as effector cells. PBMCs were 
seeded at a concentration of 2 X 10 5 /well in six wells. Cells 
were cultured for 24 h in the presence of PSA-3-pulsed 
C1R-A2 cells (stimulator:effector ratio = 1:5) and measured 
for IFN-7 release using the ELISPOT assay (21). Flu peptide 
58-66 was used as a control. PBMCs from a Flu peptide- 
responsive donor were also used as a positive internal con- 
trol. The PSA-3 and the Flu 58-66 peptides were prepared 
from a peptide, synthesizer as described (8).' 

Anti-PSA Antibody ELISA Assay 

The presence of anti-PSA antibodies in patient serum pre 
and post vaccination was analyzed using an ELISA. Polyvinyl 
chloride 96-well microtiter plates (Dynatech Laboratories, 
Chantilly, VA) were incubated overnight at 4°C with a purified 
preparation of PSA (Vitro Diagnostics, Littleton, CO), as well as 
BSA or human serum albumin at 100 ng/well in 50 jxl of PBS 
(pH 7.2). The wells were blocked for 1 h with PBS containing 
1% BSA (assay buffer). Patient serum and control pooled hu- 
man serum (Gemini Bioproducts, Calabasas, CA) were diluted 
in assay buffer and added to wells in triplicate in a volume of 50 
(xl/well. Purified human antimurin PSA-specific IgG antibody 
(Fitzgerald Industries, Concord, MA) was used as a positive 
control for PSA binding. Purified human IgG (Jackson Immu- 
noresearch, West Grove, PA) was used as a negative control. 



After incubation overnight at room temperature, the wells were 
washed four times with assay buffer, and 50 uJ of a 1:4000 
dilution of peroxidase-conjugated goat antihuman IgG (Kirkeg- 
aard & Perry Laboratories, Gaithersburg, MD) were added to 
each well. A 1:2000 dilution of peroxidase-conjugated goat 
antimurine IgG (Kirkegaard & Perry) was used for the PSA 
antibody control. After incubation at 37°C for 1 h, wells were 
washed four times with assay buffer, and 100 |xl each of the 
chromogen 0-phenylenediamine dihydrochloride (Sigma, St. 
Louis, MO) and hydrogen peroxide were added to each well. 
After a 10-min incubation in the dark, the reaction was stopped 
with 25 fjil of 4N NH 2 S0 4 . The absorbance of each well was 
measured at 490 nm using an ELISA microplate autoreader 
(Bio-Tek Instruments, Winooski, VT). 

Results 

Safety. Thirty-three men were treated over a 22-month 
period. The median age was 62 years (range, 47-74 years). No 
DLT occurred, and no maximum tolerated dose was reached due 
to the formulation potency of rV-PSA. At the highest dose, 
2.65 X 10 8 pfu, treatment with 250 \xg/m 2 of GM-CSF was 
added. 

The toxicities observed are shown in Table 1. No vaccinia- 
related toxicity higher than grade 1, a local reaction at the site of 
inoculation, occurred in any patient. There was no lymphade- 
nopathy, hepatosplenomegaly, fever, malaise, or leukocytosis 
attributable to the recombinant vaccine. In the 10 patients 
treated with GM-CSF, 1 patient developed grade 3 fever and 
tachycardia after the first dose of GM-CSF, prior to rV-PSA 
administration, and required a dose reduction to 125 jxg/m 2 . 
This dose was tolerated without further symptoms. 

The cutaneous responsiveness to the first and subsequent 
rV-PSA vaccinations is listed in Table 2. Thirty-two of 33 
patients responded locally to the first administration of rV-PSA. 
At doses ^2.65 X 10 7 pfu, the majority of patients exhibited 
local responses even after the third vaccination (not all patients 
were assessed after the third inoculation for a cutaneous 
reaction). 

Immune Responses to PSA. T-cell assays using the 
HLA-A2 class I allele 9-mer peptides PSA-3 and Flu matrix 
were used to investigate T-cell responses in patients positive for 
the HLA-A2 allele in the cohort of patients treated with 2.65 X 
10 8 pfu rV-PSA plus GM-CSF. Seven patients were positive for 
the class I HLA-A2 allele. Ficoll-purified PBMCs from each of 
these patients were viably frozen at I X 10 7 cells/ml. PBMCs 
were obtained pre vaccination and 1 month after each vaccina- 
tion for each patient. ELISPOT assays using the PSA-3 and Flu 
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Table 2 


Number of patients exhibiting cutaneous response" after each immunization 




Group 


No. patients 


Treatment 


Dose 1 


Dose 2 


Dose 3 A 


1 


6 


2.65 X 10 6 pfu 


5/6 


2/6 


0/6 


2 


6 


2.65 X 10 7 pfu 


6/6 


6/6 


4/5 


3 


11 


2.65 X 10 8 pfu 


11/11 


7/10 


3/4 


4 


10 


2.65 X 10* pfu 


10/10 


10/10 


7/10 






+ 250 p,g/m 2 GM-GSF 









" Erythema >1 with or without vesicle formation. 
b Not all patients assessed. 



peptides were done simultaneously and coded. PBMCs were 
assayed after only 24 h in culture in the presence of peptide to 
rule out the effects of in vitro selection of T-cell populations. 
Results are expressed as a precursor frequency of IFN-7-secret- 
ing cells in response to the given peptide. 

As listed in Table 3, responses to the Flu peptide were 
similar pre vaccination and after each of three vaccinations with 
rV-PSA. These data served as an internal control for the ELIS- 
POT assay using the PSA-3 peptide. Increases of at least 2-fold 
in precursors specific for PSA-3 peptide were observed in five 
of seven patients after three vaccinations, with patient 33 show- 
ing a >4.6-fold increase. In these five patients, the greatest 
increase in PSA-specific precursor frequency was observed after 
the first vaccination. Subsequent vaccinations did not produce 
substantial additional increases. 

All 33 patients were tested for IgM and IgG antibodies to 
PSA. One patient (patient 24) developed low-level IgG antibod- 
ies to PSA. No other patient tested positive for anti-PSA anti- 
bodies (data not shown). 

Clinical/Serum PSA Responses. Fig. 1 shows the num- 
ber of months that each patient exhibited stable PSA levels after 
primary vaccination. PSA levels in 14 of 33 men treated with 
rV-PSA with or without GM-CSF were stable for at least 6 
months after the initial immunization. Nine patients remained 
stable for 11-25 months. Six patients remain on study with 
stable PSA levels. Two patients had elevated lactate dehydro- 
genase levels at the time of initial enrollment, which remained 
elevated after vaccination. The progression- free interval for 
these patients ranged from 11+ to 21 + months. In addition to 
continuing to exhibit stable PSA levels, the six patients remain- 
ing on study showed no signs or symptoms of prostate cancer, 
including restaging bone scans. 

Nineteen of 33 patients showed a decrease in PSA levels at 
some time during the treatment period. This transient decrease 
was not associated with' detectable IgG antibody formation to 
PSA (data not shown). Several patients developed T-cell im- 
mune responses associated with prolonged stabilization. 

Discussion 

PSA is a 34-kDa glycoprotein produced by prostatic epi- 
thelial cells lining the glandular acini and ducts (1, 22). PSA is 
a serine protease of the glandular kallikrein gene family, which 
when secreted into prostatic and seminal fluid hydrolyzes sem- 
inal vesicle proteins important in semen liquefaction. Although 
present in the serum of healthy males at low levels, elevated 
PSA levels are correlated with prostatic epithelial growth, being 
elevated in 40% of men with benign prostatic hypertrophy. Men 



Table 3 ELI SPOT assay for IFN-7 production in PBMCs of patients 
pre- and post vaccinations with rV-PSA (plus GM-CSF) 
Results are expressed as precursor frequency of lFN-7-secreting 
cells. PBMCs from pre, post-1, post-2, and post-3 vaccinations were 
used as effector cells. PBMCs were seeded at a concentration of 2 X 
10 5 /wcll in six wells. Cells were cultured for 24 h in the presence of 
PSA-3-pulsed C1R-A2 cells. Flu matrix peptide 58-66 was used as 
control. A higher number of precursors is expressed as a smaller number 
in the denominator of the precursor frequency. Increases in precursor 
frequencies ^2-fold were considered positive. Statistically significant 
difference {P = 0.0313, univariate procedure using the SAS system) for 
the following comparison: PSA-3 (pre vs. post). No statistically signif- 
icant difference (P = 1 .000, univariate procedure using the SAS system) 
for comparison with Flu peptide 58-66 (pre vs. post). 

Peptide 

Patient Sample Flu 58-66 PSA-3 

024 Pre 1/24,000 1/54,546 



027 



028 



029 



030 



032 



033 



with prostate cancer show exponential increases in circulating 
levels of PSA (23). PSA is expressed in the majority of primary 
and metastatic prostate cancers, making it a target for cancer 
immunotherapy. 

In vitro studies have demonstrated the generation of human 
CTLs specific for peptides derived from PSA (15). PSA-1 and 
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Fig. 1 Number of months that each patient exhibited stable PSA leVels after primary vaccination. Stable PSA levels are defined as a decline of <80% 
or an increase in PSA levels up to 50%. + indicates that PSA levels remained stable in that patient. 



PSA-3, peptides with HLA-A2 binding motifs of 10 amino acids 
in length, produced CTLs from the PBMCs of normal human 
donors capable of lysing HLA-A2 -positive CIR-A2 cells pulsed 
with these peptides or HLA-matched prostatic carcinoma cell 
lines. Inoculation of human HLA-A2/K b transgenic mice with a 
PSA peptide produced GTLs against PSA-expressing, HLA-A2- 
restricted cell lines. PSA-specific CTL clones demonstrated 
cytolytic activity against HLA-A2-positive CIR-A2 cell lines 
infected with rV-PSA but not against the same leukemic cell 
lines infected with wild-type vaccinia only, further demonstrat- 
ing that human cells can process PSA so that PSA-peptide MHC 
complexes on cell surfaces make that cell susceptible to CTL- 
mediated lysis (16). PSA can be considered a potential target for 
cell-mediated immunotherapy. This would be particularly appli- 
cable in circumstances where prostate ablation by prostatectomy 
or radiotherapy has been performed and a rising PSA would be 
indicative of metastatic disease. 

Vaccinia virus is a DNA orthopoxvirus with a large ge- 
nome that serves well as an expression vector for large foreign 
proteins (24, 25). Unlike other DNA viruses, vaccinia replicates 
in the host cell cytoplasm. Under the regulation of a vaccinia 
promoter, the inserted foreign genes are transcribed and trans- 
lated, and the resultant proteins are processed and transported 
(26). Inoculation of epidermal keratinocytes by scarification, 
intradermal, or sx. routes produces a localized infection that 
allows expression of the foreign gene in host cells, and with 
virus multiplication, there is amplification of antigen with 
greater potential for immune reactivity. Both humoral and cell- 
mediated immunity can be elicited toward the foreign gene 
product (27, 28). 

Preclinical safety trials in rhesus monkeys demonstrated 



that rV-PSA is safe and capable of inducing PSA-specific im- 
mune responses in a dose-dependent fashion. No evidence of 
autoimmunity or histopathology was observed. Three clinical 
trials using recombinant vaccinia vectors encoding CEA (rV- 
CEA) have demonstrated local vaccination site erythema, ve- 
sicular/pustular reactions, regional node swelling, malaise, and 
fevers without any other toxicity (6-8), as well as the genera- 
tion of CEA-specific T-cell responses (13). 

This phase I trial of rV-PSA demonstrated that repeated 
vaccination with rV-PSA is safe and nontoxic in men with 
prostate cancer. The addition of GM-CSF increased the inci- 
dence and severity of toxicity, but all of the toxicities were 
deemed a consequence of cytokine therapy and were mild in all 
but one circumstance. Cutaneous responses indicative of viral 
replication occurred in 32 of 33 patients despite previous expo- 
sure to vaccinia virus as a smallpox vaccine. Other than a local 
dermal reaction, there was no vaccinia-related toxicity. 

Recombinant GM-CSF was used in these studies because 
previous preclinical and clinical studies using peptide or protein 
as immunogen showed that GM-CSF enhanced T-cell responses 
(14-16). In one of these studies in a rat model (14), the optimal 
dose and schedule was to administer GM-CSF at the injection 
site the day of vaccination. A recent study in a murine model not 
only confirmed that this dose schedule was optimal, but also 
demonstrated that it enhanced the CEA-specific T-cell re- 
sponses when a recombinant vaccinia virus was used as im- 
munogen (17). These studies also showed that GM-CSF en- 
hanced the infiltration of dendritic cells to regional lymph nodes 
(17). 

A recently reported limited phase I clinical trial evaluated 
the safety and biological effects of rV-PSA administered in six 
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patients with androgen-modulated recurrence of prostate cancer 
after radical prostatectomy. Toxicity was minimal, and DLT 
was not observed. Noteworthy variability in the time required 
for androgen restoration (after interruption of androgen depri- 
vation therapy) was observed. Primary anti-PSA IgG antibody 
activity was induced after rV-PSA vaccination in one patient. 
One patient had a prolonged period with undetectable serum 
PSA levels after androgen restoration (29). 

Seven HLA-A2 positive patients treated with 2.65 X 10 8 
pfu rV-PSA and GM-CSF in our trial had PBMCs assayed for 
the development of a PSA peptide-speciflc T-cell immune re- 
sponse. Increases of at least '2-fold in precursors specific for the 
PSA-3 peptide were observed in five of seven patients after 
three vaccination, with one patient showing a 4.6-fold increase, 
whereas precursor frequencies specific , for the control Flu pep- 
tide never increased more than 0.2-fold in any patient tested. In 
four of these five patients with an increased PSA-specific im- 
mune response, there was stabilization of serum PSA levels for 
6-11+ months. 

Stabilization of serum PSA has continued in 6 of 33 pa- 
tients for 11+ to 21+ months. Several other patients were 
observed to have stabilization in the serum PSA levels for 
periods up to 2 years. The doubling time of the PSA for 6 
months prior to vaccination with rV-PSA as opposed to that in 
6-month intervals after vaccination suggests a change in the 
course of the disease in some patients. The PSA response 
correlated with the lack of any other marker of disease progres- 
sion in these patients. The rise in PSA over time suggests that 
immunity needs boosting at periodic intervals. , 

The studies reported here demonstrated that rV-PSA vac- 
cination enhanced T-cell responses to PSA after the first vacci- 
nation only, as opposed to the second or third. This is most 
likely due to host-immune responses to vaccinia proteins that 
limit the replication of the vaccinia virus. All of the patients in 
this study had received a small pox vaccination in childhood and 
most again during military service, thus enhancing the proba- 
bility of a strong immune response to vaccinia proteins. These 
findings, along with preclinical observations (28), suggest that 
rV-PSA is best used in priming the immune system to a weak 
antigen such as PSA, and that another immunogen be used to 
boost the immune response. 

These stabilizations in PSA concentrations were not 
correlated with the formation of serum IgM or IgG antibodies 
against PSA; no detectable antibodies were found in 32 of 33 
men pre or post vaccination. One patient with stable PSA 
levels demonstrated production of a low-level titer of anti- 
body to PSA. The inability to detect antibodies to PSA does 
not necessarily mean that none were generated. It is possible 
that antibodies could bind circulating PSA and be rapidly 
cleared by reticuloendothelial cells. Antibodies could also 
bind to tumor-associated PSA, although PSA is a predomi- 
nantly secreted protein. In either circumstance, the titer of 
antibody would be sufficiently low that serum PSA was still 
readily detectable because an absolute decrease in PSA was 
infrequent. 

This study demonstrates for the first time that PSA can 
serve as a target for cell-mediated immunotherapy approaches. 
Prostate cancer patients who expressed elevated serum PSA 
levels in the absence of symptomatic metastatic involvement 



tolerated repeated vaccinations with rV-PSA in doses of 2.65 X 
10 8 pfu, and certain patients demonstrated PSA peptide-speciflc 
cellular responses. A subset of patients have had stabilization of 
serum PSA levels in the absence of clinical signs of disease 
progression for up to 25 months. The eventual rise in PSA levels 
in most patients in this phase I study suggests that immune 
responses elicited by rV-PSA require boosting. Preclinical stud- 
ies with recombinant poxviruses expressing CEA have sug- 
gested that priming with recombinant vaccinia virus and boost- 
ing with recombinant avipox virus elicited greater CEA-specific 
T-cell responses than with either vector alone (28). This obser- 
vation is further supported by recent human clinical studies 
evaluating prime-boost regimens with recombinant vaccinia and 
avipox viruses expressing CEA (30). These results, combined 
with the study reported here, have led to the initiation of a phase 
II clinical trial using a prime and boost administration of rV- 
PSA and recombinant avipox (fowlpox) virus expressing PSA in 
patients with prostate cancer. 
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Introduction 

Prostate cancer is the most common non- 
skin malignancy currently diagnosed in 
American men, second only to lung can- 
cer as the leading cause of cancer death 
among males. 1 Although the majority of 
prostate cancer cases are localized'to the 
prostate, nearly a third of newly diag- 
nosed patients has locally advanced or 
metastatic prostate cancer. Available 
treatments for metastatic prostate cancer, 
including hormonal, chemotherapeutic, 
and radiation strategies, have failed to 
demonstrate curative potential in these 
patients. 2 

Current standard therapies for early- 
stage, localized prostate cancers — prosta- 
tectomy and radiation therapy — are asso- 
ciated with failure rates of nearly 20% . 2 
As a result, increasing numbers of treat- 
ed-patients develop metastatic disease or 
remain at very high risk for the develop- 
ment of such disease. Because the op- 
tions for these primary treatment failures, 
as with the incident metastatic cases, are 
few in number and severely limited in 
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terms of efficacy, there is great demand 
for new and improved treatments for 
prostate cancer. Immunotherapeutic ap- 
proaches to cancer treatment have shown 
great promise in experimental studies, 
and a number of immunotherapies are 
now being tested in clinical settings. 

Cancer Immunotherapy Strategies 

Tumor suppression phenomena ostensi- 
bly mediated by host immune systems 
have been reported by a number of inves- 
tigators. These phenomena include spon- 
taneous regression of various tumors; the 
observation of a direct association be- 
tween immunosuppression and increased 
incidence of cancer; and the presence of 
leukocytes surrounding and infiltrating 
tumor tissues. 3 ' 5 Expanding knowledge 
about the specific mechanisms involved 
in the immune response has been utilized 
to elicit or amplify anti-tumor immune 
responses. 

T-cell Activation 

T cell immune responses, for example, 
are triggered by the interaction of the T 
cell receptor (TCR) and antigenic pep- 
tides bound to major histocompatibility 
complex (MHC) antigens expressed on 
the surface of specialized antigen present- 
ing cells (APC). 6 If this interaction is ac- 
companied by binding of costimulatory 
receptors (e.g., CD28) to their ligands 
(CD80 and CD86), then an intracellular 
cascade of biochemical events is initiated 
that results in T cell activation and prolif- 
eration. 7 - 8 Activated T cells, in turn, are 
able to Iyse cells that express the stimulat- 
ing antigen and the appropriate MHC 
antigen, in this case, tumor cells. 
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Cytokines 

Additionally, the presence or absence of 
cytokines, such as interleukins 2, 4, 10, 
and 12 9 can have a profound effect on the 
activation and proliferation of T cells and 
consequently on the potency and charac- 
ter of the immune response. Cytokines 
also affect, both positively and negatively, 
the function of APC. 

Based on these observations, 
interleukin 2 (IL-2), interferons, and 
granulocyte-macrophage colony stimu- 
lating factor (GM-CSF) have been 
administered systemically to stimulate 
anti-tumor immune reactivity. 10 IL-2 has 
also been used ex vivo to generate lym- 
phokine activated killer (LAK) cells and, 
later, to grow tumor infiltrating lympho- 
cytes (TIL) for reinfusion into patients. 11 - 12 
These forms of adoptive immunotherapy 
have had limited success in patients with 
metastatic melanoma, 12 and continue to 
be refined by methods that increase the 
proportion of tumor-specific lymphocytes. 

Vaccines 

An alternative to systemic cytokines and 
adoptive immunotherapy is vaccination of 
patients to elicit in vivo activation of tu- 
mor-specific T cells. Irradiated tumor cells 
derived from the patient (autologous) or 
from other individuals (allogeneic) have 
been utilized to inoculate cancer patients 
with the aim of generating a therapeutic 
immune reaction. 13 Some procedures 
have introduced genes coding for cytokine 
or costimulatory molecules into the tumor 
cells prior to inoculation to enhance recog- 
nition by the immune system. 13, 14 Others 
have isolated specific tumor antigens to fo- 
cus the immune response on proteins 
overexpressed by or unique to the tumor. 15 
The most recent advance in cancer vac- 
cines has been the use of autologous APC to 
present tumor antigens to patients' T cells. 16 
The rationale for this technique is to use the 
cells that are specialized for antigen presen- 
tation, so that all factors necessary for initia- 
tion of the immune response, including those 
not yet defined, will be present. 



Dendritic Cell-Based 
Immunotherapy 

Dendritic cells (DC) (Fig. 1) are consid- 
ered the most potent APC of the immune 
system, and are unique in their ability to 
stimulate naive T cells. 16 DC are adapted 
to capture proteins, proteolytically digest 
them, and present the resulting peptides 
on their cell membranes bound to MHC 
antigens. 16 Formation of this MHC-pep- 
tide complex is crucial to the activation of 
T cells. In addition, DC express high lev- 
els of the costimulatory molecules, CD80 
and CD86, which are required for full T 
cell activation. 16 DC are found in the epi- 
dermal layer of the skin, the respiratory 
and gastrointestinal systems, and the in- 
terstitial regions of several solid organs 
where they function as sentinels, captur- 
ing invading microorganisms for presen- 
tation to immune cells. 17 Until recently, 
the study of DC was limited because few 
cells could be isolated from tissues or pe- 
ripheral blood. 18 With improvements in 
DC isolation and culture techniques, 
much larger numbers of DC are available 
and immunotherapy using DC is now fea- 
sible. DC can be derived from peripheral 
blood using cytokines, such as GM-CSF, 
IL-4, and tumor necrosis factor-alpha 
(TNFa) , 19 - 22 

DC-based cancer vaccines have re- 
cently been tested with some success in 
clinical trials with several types of can- 
cers, such as follicular-B cell lymphoma 
and melanoma. 23 " 25 Our group has been 
developing a prostate cancer vaccine us- 
ing autologous DC as a vehicle to present 
prostate antigens to T cells in vivo. Our 
phase I and II clinical trials in prostate 
cancer with DC pulsed with HLA- 
A0201-specific prostate-specific mem- 
brane antigen (PSMA) peptides will be 
discussed in this report. 

Prostate Cancer Vaccine 

Two major components comprise our 
new prostate cancer vaccine. The first 
component is DC, which are isolated and 
cultured from patient peripheral blood. 
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A cluster of adherent dendritic cells is shown (320x) in the presence of lymphocytes (round cells). 



The second component is a specific anti- 
gen used to target prostate cancer tissues. 
Few antigens specific to prostate tissue 
have been characterized for use as target 
antigens for immunotherapy. This short 
list includes prostate-specific antigen 
(PSA) and prostate-specific membrane 
antigen (PSMA) 26 * 27 

PSMA is a 750 amino-acid mem- 
brane-bound protein expressed by 
prostate epithelial cells. 27 It has been uti- 
lized diagnostically as part of a prostate 
cancer imaging method (ProstaScint®, 
Cytogen Corp., Princeton, NJ), which 
uses a monoclonal antibody specific for 
PSMA (7E11.C5.3). 28 Enhanced expres- 
sion of PSMA was detected in hormone 
refractory prostatic carcinoma. 29 In addi- 
tion, levels of PSMA are elevated in the 
sera of hormone refractory advanced 
prostate cancer patients. 30 Our im- 
munotherapy protocols use PSMA as 
target antigen for T cell attack in vivo. 

T cell recognition requires binding 
of the TCR molecules to antigen-derived 



peptides and MHC proteins. Previous 
studies have identified specific sequence 
motifs of MHC class I-binding peptides, 
making it possible to predict potential T 
cell epitopes from proteins of known 
amino acid sequences. 31 Using these spe- 
cific motifs, we identified the PSMA pep- 
tides with a high affinity for an MHC 
class I protein (HLA-A0201) expressed 
by a large fraction of the population to be 
used as antigens in our phase I and II 
clinical trials. 32 ' 33 

Phase I Clinical Trial 

The phase I study, 34 conducted at North- 
west Hospital in Seattle in December 
1995, examined the safety of administer- 
ing HLA-A0201 -specific PSMA peptides 
(PSM-P1 and PSM-P2), autologous DC, 
and PSM-P1 and -P2 pulsed autologous 
DC to 51 patients with advanced hor- 
mone refractory prostate cancer. The ma- 
jority of these patients (39/51) were clas- 
sified as stage D 2 (T4Nl-3Mla-c). Many of 
them were anemic and had undergone 
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various treatments that resulted in im- 
paired immune competency. Fewer than 
25% of these patients were considered 
fully immunocompetent at the start of the 
study as assessed by delayed-type hyper- 
sensitivity skin tests. 

At the completion of four infusion cy- 
cles, the maximum tolerated dose had not 
yet been achieved. Neither significant 
acute nor chronic toxicity was observed at 
all doses of test substances, except for mild 
to moderate infusion-related hypotension. 
In addition, no significant increase in 
serum TNFct or interferon y (IFNy) was 
noted during the course of the study. 34 

Patients were monitored for cellular 
immune modulation to the appropriate 
PSMA peptides (PSM-P1 or -P2). An en- 
hanced cellular response was observed 
within the HLA-A2 positive subjects who 
were infused with DC pulsed with PSM- 
Pl or -P2. 34 Patient clinical responses 
were analyzed based on National 
Prostate Cancer Project (NPCP) criteria 
plus measurement of PSA levels. Seven 
patients exhibited partial responses. 34,35 
Average PSA levels increased in the non- 
responder group, both among those with 
low (0-19) and high (>19) pre-infusion 
values, while a decrease was observed in 
the seven partial responders (Fig. 2). All 
patients who were on hormone therapy 
before the trial continued their treat- 
ments during the trial. Patients who 
stopped anti-androgen therapy before 
the trial were not eligible to enter the 
study until three months had elapsed 
and the PSA measurement was at an ac- 
ceptable level. 

Phase II Clinical Trial 

In January 1997, we started a phase II 
study involving 107 patients, 66 of whom 
had hormone refractory, clinically pro- 
gressive prostate cancer (group A), and 
41 of whom had locally recurrent prostate 
cancer (group B). Half of group A pa- 
tients (33/66), participants in the phase I 
study, requested enrollment in the phase 
II trial. We anticipate that the results of 



this phase II trial will provide information 
on the efficacy of our DC-based prostate 
cancer vaccine in both disseminated and 
localized prostate cancer. 

As in the phase I study, group A sub- 
jects continued any hormone therapy that 
had been initiated before the trial. 

All phase II participants received a 
total of six infusions of autologous DC 
pulsed with a PSM-P1 and -P2 cocktail at 
six-week intervals. A subset of the partici- 
pants in each group also received subcu- 
taneous injection of GM-CSF as a sys- 
temic adjuvant with each DC infusion 
(Table 1). GM-CSF is a potent enhancer 
of differentiation for various hemato- 
poietic cells, including DC. 16 Moreover, 
administration of systemic GM-CSF pro- 
motes the outgrowth and antigen-pre- 
senting capabilities of DC. 

All study participants were followed 
before, during, and after treatment with 
periodic measurements of PSA, free 
PSA, PSMA, complete blood counts, 
CHEM-22, and bone alkaline phos- 
phatase, as well as with chest x-ray, bone 
scans, and ProstaScint scans. AH testing 
was conducted on an outpatient basis at 
Northwest Hospital. Patients were also 
evaluated every infusion cycle by one of 
the study physicians. After the conclu- 
sion of the scheduled infusions and 
follow-up observations, clinical status was 
evaluated according to NPCP criteria and 
50% reduction of PSA levels. 

Results 

Thirty-three patients with metastatic 
prostate cancer in group A-I who had 
also participated in the phase I study 
(Table 2) were the first to complete the 
phase II study. Nine of the 33 subjects 
(27.3%) were identified as partial respon- 
ders; 36 11 patients (33.3%) exhibited no 
significant change during the phase II 
trial; and 13 patients experienced disease 
progression. Seven patients died during 
the study. Among the partial responders, 
four were also responders in the phase I 
study, with a total response period of over 
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Figure 2 

PSA Levels Displayed According to Responder and 
Non-Responder Categories 



Low PSA 

15 — I 




Infusion 



Each group is divided into tow (initial PSA values 0-19) and high PSA (initial PSA values >19) categories. Normal ranges for PSA 
are 0-4 ng/ml. Mean and standard error of the mean (SEM) values were obtained from patient sera drawn pre-infusion and seven 
days post-infusion. There were 24 patients in the non-responder and two patients in the responder low PSA groups. There were 
20 patients in the non-responder and five patients in the responder high PSA groups. In the latter, the mean PSA pre-infusion 
level for the non-responder group was 1 75.0 ng/ml, and at the end of four infusions, it was 583,4 ng/ml. For the responder group, 
the mean PSA values were 60.0 ng/ml at the pre-infusion level and 24.4 ng/ml at completion. In both groups, significant differ- 
ences in pre- versus post- Infusion values (p value < 0.05) were observed. Adapted from Tjoa et al, 35 with permission. 
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Table 1 

The Phase II Clinical Trial: Treatment Groups 



Group 


Patient Category 


Administration of 
GM-CSF (SO 


No. of 
Patients 


A-l 


Patients with metastatic prostate cancer: 
Phase I study participants who had requested 
enrollment in this study. 

Total: 33 patients 


no 


16 


yes 


17 


A-ll 


Patients with metastatic prostate cancer: 
Newly accrued patients. 

Total: 33 patients 


no 


20 


yes 


13 


B 


Patients who had prostatectomy, 
brachytherapy, external radiotherapy, combined 
treatments, or hormones alone and had two 
successive PSA levels of 1 .5 ng/ml or more. 

Total: 41 patients 


no 


27 


yes 


14 



370 days. Five additional responders in 
this phase II study had been non-respon- 
ders in the phase I study '. Their average 
partial response period was 1 96 days (Fig. 
3). The total duration of this phase I/II 
study was 613 days. Twelve of 19 subjects 
(63%) with hormone refractory metastat- 
ic (D 2 ) prostate cancer survived for more 
than 600 days. We believe this is a signifi- 
cant observation because comparable pa- 
tients with hormone refractory metastatic 
prostate cancer historically survive a 
median of only 6 months. 37 

All scheduled infusions were complet- 
ed by September 1998. A total of 95 evalu- 
able subjects were assessed for response to 
treatment using NPCP criteria and 50% re- 
duction in PSA levels. The NPCP response 
criteria included comparisons of pre- versus 
post-study bone scans and ProstaScint 
scans, which allowed us to evaluate both 
bony and nodal disease status. 

Table 3 summarizes the clinical sta- 
tus of patients in groups A-II and B. In 



group A-II, 32% of subjects experienced 
disease regression: Two patients (8%) 
were complete responders and six pa- 
tients (24%) were partial responders. 
One patient exhibited no significant 
change, while 16 patients (64%) showed 
disease progression. 

Ten group B participants (27%) 
were partial responders and one subject 
(3%) was a complete responder. Eight 
patients (22%) showed no significant 
change, and 18 patients (49%) showed 
disease progression. 

IMMUNE RESPONSE ASSAYS 

Several assays are being utilized to char- 
acterize the immune response to infused, 
peptide-pulsed DC. The frequency of 
antigen specific cells is expected to be 
quite low, on the order of 1 in 100,000 to 1 
in 1 ,000,000 T lymphocytes, prior to im- 
munization. Following infusion of pep- 
tide-pulsed DC, the frequency of antigen 
specific T cells may increase tenfold. De- 
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(Based on 


Table 2 

Clinical Status of Phase li Subjects 
NPCP Criteria, Plus 50% Reduction in 


PSA Levels) 


Clinical Status 


No. of 
Patients [%) 


HLA-A2+U 




Stage 




Progression 
No change 
Partial response 


.13* (39.3%) 
11 (33.3%) 
9** (27.3%) 


12(1) 
5(6) 
6(3) 


2 
5 
3 


1 
2 
1 


10 
4 
5 


Total 


' 33(100%) 


23 (10) 


10 


4 


19 


TNM stages: T4NoMoT4Nl-3MoT4Nl-3M1a-c 

* Six patents from this group are deceased ' 
** One patient from this group is deceased 
Adapted from Tjoa et al, 36 with permission. 



tection and quantitation of these low fre- 
quency cells requires very sensitive assays 
of T cell activity. The number of peptide 
specific T cells is quantitated in an 
ELISPOT assay based upon their secre- 
tion of IFNy following in vitro stimulation 
with peptides. 38 - 39 The amount of IFNy 
secreted after stimulation with peptides 
is also measured, as is secretion of IL-10. 
Secretion of IFNy indicates development 
of type 1 T cells, which are thought to 
represent the type of immune response 
required for anti-tumor effects. IL-10 is 
considered a regulatory cytokine pro- 
duced by type 2 T cells. IL-10 has been 
shown to suppress antigen presentation 
by DC and to inhibit secretion of cy- 
tokines by type 1 T cells. Therefore, IL- 
10 secretion is monitored to detect 
immune responses that might inhibit anti- 
tumor effects. Cytokine secretion assays 
are performed on primary cultures of pe- 
ripheral blood lymphocytes directly fol- 
lowing isolation from peripheral blood 
and also after several rounds of in vitro 
stimulation. Repeated in vitro stimula- 
tion will increase the number of antigen 



Table 3 

Clinical Responses of Study 
Participants in Groups A-ll and B* 


Group 


Response 


Total 


% 




CR 


2 


8 




PR 


6 


24 


A-ll 


NC 


1 


4 




P 


16 


64 




Total 


25 






CR 


1 


3 




PR 


10 


27 


B 


NC 


8 


22 




P 


18 


49 




Total 


37 




* As of 9/1 7/98. CR=complete response; 
PR=partia! response; NC=no change; and 
P=disease progression 
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Figure 3 

Elapsed Observation Time for Phase l/ll Participation 




Elapsed observation time for phase l/ll participation in terms of total time and response time. Mean and standard error of the 
mean (SEM) values are shown. Seven subjects (21.1%) died during the phase II trial. Adapted from Tjoa et al, 36 with permission. 



reactive cells to the level where they can 
be more readily detected. 

Using these assays, responses to 
PSMA peptides were measured in pa- 
tients participating in this clinical trial. In 
most patients analyzed, IFNy production 
is detected and the response to peptides is 
transient. Two examples of this type of 
reactivity, measured by the ELISPOT as- 
say, are depicted in Figure 4. T cells reac- 
tive to PSM-P2 were detected in the pe- 
ripheral blood of patient 55 (Panel A) 
after two infusions of DC, but no reactivi- 
ty was detected at later time points. This 
patient also experienced a decrease in 
serum PSA during the time that peptide 
reactive cells were detected in the blood. 
Similar data collected on patient 61 (Pan- 
el B) show a response to both PSMA 
peptides after two infusions of DC that 



declines thereafter. Similar patterns are 
observed when total IFNy secretion is 
measured. Secretion of IL-10 has also 
been observed in a minority of patients 
by two different assay systems. 

Primary cultures of lymphocytes 
from patients 46 and 54 produce IL-10 
when stimulated with PSMA peptides 
(Fig. 5). In both patients, this reactivity 
appeared to peak after four infusions and 
then decrease. As might be expected, 
given the role of IL-10 in the immune re- 
sponse, patient 54 has experienced dis- 
ease progression. In the case of patient 
46, serum PSA decreased during the peri- 
od of DC infusions but rose after the final 
DC infusion. In testing lymphocyte cul- 
tures after three rounds of in vitro stimu- 
lation, two other patients have been iden- 
tified as producing IL-10 in response to 
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Figure 4 

Detection of Peptide-Reactive Peripheral Blood Mononuclear Ceils 
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Detection of peptide-r eactive peripheral blood mononuclear cells (PBMC) by IFNy EUSPOT. PBMC were isolated at the indicated 
times and tested by IFNy ELtSPOT. 39 Data are presented as the number of antigen reactive cells per 250,000 PBMC. M1 pep- 
tide is derived from the matrix protein of the influenza A virus and is included as a recall antigen. Panel A (top) depicts results of 
testing PBMC from patient 55. Reactivity to M1 is present at all time points while significant reactivity to PSM-P2 is only observed 
after two infusions of DC. Panel B depicts results of testing in patient 61 . Reactivity to PSM-P1 Is observed after the second infu- 
sion of DC, while reactivity to PSM-P2 is detected after both the second and fourth infusions: 
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Figure 5 
Production of IL-10 
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M1 


Pre Infusion 




Post 2nd Infusion 
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Post 6th Infusion 
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PSM-P1 



PSM-P2 




PSM-P1 



PSM-P2 



Production of IL-10 by peripheral blood mononuclear cells (PBMC) following in vivo immunization with peptide -pulsed DC and in 
vitro stimulation with peptide- pulsed T2 cells. PBMC were isolated at the indicated times and stimulated by co-culture with pep- 
tide- pulsed T2 cells. After 48 hours, culture medium was collected and assayed for the presence of IL-10 by sandwich ELISA. 
Panel A depicts data from patient 54, panel B depicts data from patient 46. 
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peptide stimulation. As more data are 
collected, the possible significance of 
these observations will be clarified. 

Future Directions in Prostate 
Cancer Vaccine Development 1 

The current studies demonstrate the po- 
tential of autologous DC as a vehicle to 
deliver specific target antigen, a crucial is- 
sue in prostate cancer vaccine develop- 



ment. In our future clinical trials, we 
hope to expand the antigen repertoire of 
our vaccine study from two PSMA pep- 
tides (each of which represents nine 
amino acids) to a recombinant PSMA 
protein consisting of the native sequence 
without the transmembrane domain. This 
change will multiply the number of tar- 
gets for T cell attack, and thus produce a 
potentially more effective vaccine. SB 
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Immunotherapy of Hormone-Refractory Prostate Cancer 
With Antigen-Loaded Dendritic Cells 



By Eric J. Small, Paige Fratesi, David M. Reese, George Strang, Reiner Laus, Madhusudan V. Peshwa, 

and Frank H. Valone 



Purpose : Provenge (Dendreon Corp, Seattle, WA) is 
an immunotherapy product consisting of autologous 
dendritic cells loaded ex vivo with a recombinant fusion 
protein consisting of prostatic acid phosphatase (PAP) 
linked to granulocyte-macrophage colony-stimulating 
factor. Sequential phase I and phase II trials were 
performed to determine the safety and efficacy of Prov- 
enge and to assess its capacity to break immune toler- 
ance to the normal tissue antigen PAP. 

Patients and Methods : All patients had hormone- 
refractory prostate cancer. Dendritic-cell precursors 
were harvested by leukapheresis in weeks 0, 4, 8, and 
24, loaded ex vivo with antigen for 2 days, and then 
infused intravenously over 30 minutes. Phase I patients 
received increasing doses of Provenge, and phase II 
patients received all the Provenge that could be pre- 
pared from a leukapheresis product. 

PROSTATE CANCER IS the most common type of 
cancer and the second leading cause of death as a 
result of cancer in North American men. 1 Metastatic disease 
is initially treated with androgen deprivation, which 
achieves stabilization or regression of disease in more than 
80% of patients. 2 However, despite androgen deprivation 
and secondary hormonal manipulations, 3 all patients ulti- 
mately develop hormone-refractory prostate cancer 
(HRPC). The median survival for this group of patients is 
approximately 1 year. To date, no agent has been shown to 
prolong survival in HRPC patients, 4,5 and prospectively 
validated palliative interventions are few. Novel therapeutic 
agents for the treatment of HRPC are urgently required. 

Active immunotherapy of cancer seeks to induce tumor- 
specific immunity in the patient and is consequently depen- 
dent on a suitable target antigen and effective presentation 
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Results : Patients tolerated treatment well. Fever, the 
most common adverse event, occurred after 15 infu- 
sions (14.7%). All patients developed immune re- 
sponses to the recombinant fusion protein used to pre- 
pare Provenge, and 38% developed immune responses 
to PAP. Three patients had a more than 50% decline in 
prostate-specific antigen (PSA) level, and another three 
patients had 25% to 49% decreases in PSA. The time to 
disease progression correlated with development of an 
immune response to PAP and with the dose of dendritic 
cells received. 

Conclusion : Provenge is a novel immunotherapy 
agent that is safe and breaks tolerance to the tissue 
antigen PAP. Preliminary evidence for clinical efficacy 
warrants further exploration. 

J Clin Oncol 18:3894-3903, © 2000 by American 
Society of Clinical Oncology, 

of that antigen to the patient's immune system. Antigen- 
presenting cells (APCs) are responsible for uptake, process- 
ing, and presentation of antigens to T cells of the immune 
system in the context of HLA class I and class II molecules. 
Dendritic cells are the most potent APCs and the only APCs 
that can prime an immune response by T cells that have not 
been exposed to the antigen previously. 6,7 

Immunotherapy with dendritic cells loaded with specific 
tumor antigens ex vivo has been studied extensively in 
animals. 8 " 1 1 All of these studies found dendritic cells to be 
effective in treating or preventing tumors in experimental 
animals in an antigen-specific fashion. Several pilot clinical 
studies using dendritic cells to deliver antigen for immuno- 
therapy of human malignancies have also shown promise 
and demonstrate that dendritic-cell therapy can elicit a 
beneficial immune response. 12 " 18 

In many of the preclinical and clinical studies described 
above, the antigen targets that have proven to be useful in 
cancer are tissue-specific proteins to which the immune 
system is normally tolerant. Preclinical studies in rats aimed 
at eliciting prostate-specific immunity demonstrated that 
dendritic cells loaded with an engineered antigen-cytokine 
fusion protein (PA2024) consisting of prostatic acid phos- 
phatase (PAP) and granulocyte-macrophage colony-stimu- 
lating factor (GM-CSF) induce strong cellular immune 
responses in vivo to tissues and tumors that express PAP. 19 
Delay of tumor development and improved survival were 
observed in tumor prevention models. In contrast, dendritic 
cells pulsed with PAP alone elicited significantly weaker 
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immune responses, indicating an important role for the 
GM-CSF portion of the fusion protein in antigen presenta- 
tion. Dendritic cells are likewise essential for eliciting 
cellular immunity in this model, as injections of the PAP- 
GM-CSF fusion protein alone and injections of PAP in 
Freund's adjuvant elicited antibody responses but not cel- 
lular immune responses to PAP. Based on these preclinical 
observations, a dendritic-cell product (Provenge [Dendreon 
Corp, Seattle, WA], or APC8015) consisting of autologous 
dendritic cells loaded with the human PAP-GM-CSF fusion 
protein was developed, and clinical testing of Provenge was 
undertaken in HRPC patients in a phase l/II trial. 

PATIENTS AND METHODS 

Patients 

Eligible patients had histologically confirmed adenocarcinoma of the 
prostate with evidence of disease progression despite androgen depri- 
vation (and if applicable, antiandrogen withdrawal), serum testosterone 
less than 50 ng/mL,*and an expected survival of at least 3 months. 
Patients with negative bone scan and computed tomography scan were 
eligible, provided there were at least three climbing prostate-specific 
antigen (PSA) values, at least 2 weeks apart from each other, and at 
least 1 month or more after antiandrogen withdrawal. Other eligibility 
requirements included an Eastern Cooperative Oncology Group per- 
formance status of 0 or 1 , a serum PAP level 5: 2 times the upper limits 
of normal, or positive staining for PAP by immunohistochernistry on 
any prior prostatic cancer specimen. Negative serologic tests for human 
immunodeficiency virus (HIV), human T-cell leukemia virus type 1, 
hepatitis B, and hepatitis C were required, as were adequate hemato- 
logic, renal, and hepatic function (\V~BC > 2,000/|iL, ANC ^ 1,000 
jtL, platelets > 100,000 /llL, hemoglobin > 9.0 g/dL, creatinine < 2.0 
mg/dL, total bilirubin :£ two times upper limit of normal, and ALT and 
AST five times upper limit of normal). Prior chemotherapy, investiga- 
tional agents, megestrol acetate or other hormones, or saw palmetto, 
PC-SPES (Botanic Labs, Brea, CA), or other herbal preparations were 
allowed, provided they were discontinued at least 1 month before 
treatment and the patient had recovered adequately. Prior radiation 
therapy had to have been completed at least 1 month before treatment, 
and radiopharmaceuticals could not have been administered within 2 
months of treatment. Patients who required systemic corticosteroids for 
any indication were not eligible. 

Treatment/Clinical End Points 

Patients without prior orchiectomy continued on gonadal suppres- 
sion with a luteinizing hormone-releasing hormone agonist. Patients 
were treated with a fixed dose of Provenge on weeks 0, 4, and 8. A 
fourth infusion was administered on week 24 to patients whose disease 
was stable or improving. During the phase I portion of the study, the 
dose of Provenge was escalated for cohorts of three patients based on 
treatment-related toxicity. The planned dose levels were 0.2 X 10 9 , 
0.6 X 10 9 , 1.2 X 10 9 , and 2.0 X 10 9 nucleated cclls/m 2 (the upper limit 
of testing was defined by the anticipated maximum manufacturable 
dose of Provenge). No intrapatient dose escalation was undertaken. 
Sixteen additional patients were scheduled to receive the maximum- 
tolerated dose of Provenge or the maximum dose of Provenge that 
could be prepared. Patients no. 2 through 6 also received one or two 



doses of APC8017 (keyhole limpet hemocyanin [KJLH]-loaded den- 
dritic cells) as an internal positive control. The leukapheresis products 
for these patients were split into two aliquots for preparation of both 
Provenge and APC8017. The dose of APC8017 was all the cells that 
could be prepared from the split leukapheresis unit. Patients were 
observed until objective disease progression or 1 year, whichever was 
first. Serum PSA levels were measured every 4 weeks until disease 
progression. Time to progression was defined as the time from the day 
of registration until the day objective disease progression was docu- 
mented. Patients who elected to come off study without objective 
disease progression (eg, for increasing PSA) were considered to have 
disease progression at the time of study withdrawal. 

Preparation and Administration of Provenge 

Provenge (APC8015) was prepared fresh for each treatment course. 
Dendritic-cell precursors were harvested from the peripheral blood by 
a standard 1.5 to 2.0 blood volume mononuclear cell leukapheresis. 
Mobilization with a colony-stimulating factor was not required. The 
leukapheresis products were prepared at a local blood bank and 
transported within 1 hour to the local Dendreon cell processing facility 
in Mountain View, CA. Dendritic-cell precursors were collected by two 
sequential buoyant density centrifugation steps by a modification of the 
method of Hsu et al. 12,17,20 Briefly, the leukapheresis product is layered 
over a buoyant density solution (specific gravity = 1 .077 g/mL) and 
centrifuged at 1,000 g for 20 minutes to deplete erythrocytes and 
granulocytes. The interface cells are collected, washed, layered over a 
second buoyant density solution (specific gravity — 1 .065 g/mL), and 
centrifuged at 805 g for 30 minutes to deplete platelets and low-density 
monocytes and lymphocytes. The cell pellet, which contains dendritic- 
cell precursors, is washed and incubated in AIM media with 10 /xg/mL 
of the appropriate target antigen (PA2024 to prepare Provenge or K.LH 
to prepare APC8017). The culture media did not contain serum or 
exogenous cytokines. After incubation for 40 hours at 37°C in 5% C0 2 
atmosphere, the cells were washed and formulated at the desired 
clinical dose in 250 mL of lactated Ringers* solution. Criteria for 
releasing the products for infusion included the following: (1) in- 
process sterility tests with no growth at 40 hours; (2) endotoxin less 
than 1 .4 EU/mL; (3) CD54 expression greater than 3 SD above T = 0 
value; (4) cell viability greater than 72%; and (5) phenotype consistent 
with the values listed in Table 2. Phenotype was determined by flow 
cytometry using monoclonal antibodies to CD4, CD8, CD54, CD56, 
CD66b, and CD86 (Becton Dickenson, San Jose, CA; Coulter, Miami, 
FL). Additional tests, the results of which were available after infusion, 
were final product sterility, mycoplasma, and allogeneic mixed-lym- 
phocyte reactivity (alloMLR). 

The final Provenge products were transported to the outpatient 
infusion center at the University of California, San Francisco, Com- 
prehensive Cancer Center at 4°C and infused into the patients within 8 
hours of formulation. Provenge and, when appropriate, APC8017 were 
infused separately, each over 30 minutes, beginning with Provenge. 
Patients were not routinely premedicated before the infusion. They 
were observed for 30 minutes after infusion and then discharged to 
home. 

PA2024, the target antigen used to prepare Provenge, is a fusion 
protein consisting of full-length human PAP and fill I length human 
GM-CSF. The fusion protein was cloned in a baculovirus system and 
expressed in Sf21 insect cells adapted to grow in serum-free media. 
PA2024 was purified by three sequential column chromatography steps 
to more than 95% homogeneity. Both protein components retained 
appropriate biologic activity, as demonstrated by enzymatic activity for 
PAP and growth promotion activity for GM-CSF. 
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Immune Function Testing 

Alio MLR. Samples of each lot of Provenge and APC8017 were 
tested for their ability to stimulate alloMLR using a standard lympho- 
cyte proliferation assay. 21 A pool of responder T cells was prepared 
using bufly coats from normal donors. The cells were purified to 93% 
CD3+ cells, using a T-ccII column from R&D Technologies (Minne- 
apolis, MN), and frozen in aliquots. The pooled T celts did not 
proliferate in the absence of allogeneic APCs, indicating the T cells 
were not contaminated by APCs. The purified T cells (100,000/well) 
were cultured with serial dilutions of irradiated product starting at 
400,000 cells/well. 

T-cell proliferation. Standard T-ccll proliferation assays were per- 
formed using peripheral-blood lymphocytes isolated from the blood of 
each patient, obtained at the beginning of each leukapheresis. 21 These 
samples (10 5 cells/well) were incubated with increasing concentrations 
of antigen (PA2024 or KLH) for 5 days at 37°C, at which point each 
well was pulsed with 3 H thymidine. Twenty-four hours later, cultures 
were harvested and mean radioactivity incorporated into proliferating 
cells was determined. Data are reported as either counts per minute 
(CPM) or as the stimulation index (SI) (SI = [mean CPM antigen]/ 
mean CPM control). 

Allogeneic and Autologous T-Cell Stimulation Activity 
Before and After Ex Vivo Culture 

T cells were purified from peripheral-blood mononuclear cells of 
pooled allogeneic donors, and autologous leukapheresis product using 
CD3 T-cell enrichment columns and were cryopreserved for use as 
responder cells in functional assays. Stimulator cells consisted of cells 
obtained from either precursor dendritic-cell product (preculture) or 
APC8015/Provenge (postculture). Responder cells (5 X 10 4 cells/well) 
were mixed with various numbers of irradiated (3,000 rads) stimulator 
cells and were cultured for 5 days in AIM-V medium supplemented 
with 5% pooled human AB serum. Subsequently, tritiated thymidine 
was added overnight, and its incorporation was determined to generate 
T-cell proliferation dose response curves to assess the allogeneic and 
autologous T-cell stimulatory capacity of the stimulator cells. 

ELISPOT 

ELISPOT assays for interferon-gamma (IFNy) were performed 
using Millipore HA plates containing cellulose ester membranes coated 
with murine antigamma IFN. 22 A reader blinded to the identities of the 
samples determined the number of spots (cells secreting IFNy), and the 
frequency of responding cells was calculated by dividing the number of 
spots in triplicate wells by the number of cells in the wells. 

Enzyme-Linked Immunoassay (ELISA) for Antibodies 
and Cytokines 

ELI S As for antibodies to the immunogen were performed, as 
described, 23 using serum collected before treatment and every 4 weeks 
after treatment. To evaluate cytokine secretion by T cells, supematants 
from proliferation assays were tested for the presence of IFN y and 
interleukin (IL)-4 using commercial ELISA kits (Endogen, Woburn, 
MA). 

Statistical Design 

A standard modified Fibonacci phase I design was used, with three 
patients tested at each dose level. In addition to six patients treated at 
the maximum dose in the phase I trial, an additional 16 patients were 



to be treated at this dose in the phase II trial. If no responses were seen 
in these patients, then it would be concluded that the probability that the 
true response rate was > 15% was less than 0.05. 

T-cell proliferation data are not normally distributed. To normalize 
the data for statistical analyses, the data were expressed as the 
proliferation quotient (PQ) [PQ = (log CPM antigen)-0°g CPM 
control)]. Different patient groups were compared by paired or non- 
paired / tests as appropriate. 

RESULTS 

Patients 

A total of 31 patients were treated. Twelve men were 
treated in the phase I portion, with six patients treated at the 
maximum dose of Provenge. Nineteen men were enrolled 
onto the phase II trial at the maximum dose (representing an 
over-accrual of three patients to the phase II portion to 
account for potentially unassessable patients). Patient char- 
acteristics are listed in Table 1 . Median age was 69 years 
(range, 48 to 83 years). Median Eastern Cooperative On- 
cology Group performance status was 0 (range, 0 to 1). 

Median PSA was 41.3 ng/mL (range, ,3.4 to 1,007 
ng/mL). In the phase I component, all 12 patients had 
metastatic disease, and the median PSA was 209 ng/mL 
(range, 26.3 to 1,007 ng/mL). The patients in the phase I 
trial were more heavily pretreated. All had undergone 
androgen deprivation with combined androgen blockade, 
followed by antiandrogen withdrawal. Eleven (92%) of 12 
patients had received a second-line hormonal manipulation, 
Such as ketoconazole, and eight patients (66%) had also 
received chemotherapy, suramin, or some other investiga- 
tional agent. By contrast, the patients in the phase II portion 
had less extensive disease. None of these patients had 
metastases identified on bone scan or computed tomogra- 
phy. An increasing PSA was the only evidence of disease 
progression, and the median PSA level was much lower 
(14.5 ng/mL; range, 3.4 to 216 ng/mL). All 19 phase II 
patients had undergone combined androgen deprivation 
followed by antiandrogen withdrawal. Twelve (63.2%) had 
received a second-line hormone, and only one had received 
prior therapy with an investigational agent (hydrazine sulfate). 

Preparation of PAP-Loaded Dendritic Cells (Provenge) 

One hundred two lots of Provenge were prepared for the 
31 patients. Leukapheresis was performed with peripheral 
venous access for all but two patients who required place- 
ment of central venous catheters. Dendritic-cell precursors 
matured during culture, as evidenced by upregulation of 
costimulatory molecules and increased potency in alloge- 
neic and autologous T-cell stimulation activity as shown in 
Figs 1 and 2. We correlated the expression of costimulatory 
molecules with potency in the alloMLR in 81 consecutive 
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Table 1 . Patient Characteristics 



Phase t 
(no. of patients) 



Phase II 
{no. of patients) 



Total 
(no. of patients) 



Demographics 
Patients enrolled 
Age, years 

Median 

Range 
PSA, ng/mL 

Median 

Range 
Performance status 

Median 

Range 
Primary therapy 
Prostatectomy 
Radiation 
Cryosurgery 
Extent of disease 
Bone disease onty 
Bone and soft tissue 
PSA only 
Prior systemic therapy 
Androgen deprivation 
Second-line hormones 
Chemotherapy 
Other 



67.5 
48-79 

209 
26.3-1,007 

0 
0-1 



12 



6 
2 
1 

10 
2 
0 

12 
11 
8 
3 



72 
50-83 

14.5 
3.4-216 

0 

0-1 



19 



4 

7 
0 

0 
0 
19 

19 
12 
0 
1 



69 
48-83 

41.3 
3.4-1,007 

0 

0-1 



31 



10 
9 
1 

10 
2 
19 

31 
23 
8 
4 



lots of Provenge and found that potency correlated most 
strongly with expression of CD54 (P < .000 1 ; two-tailed / 
test with alpha = 0.05). Cell sorting experiments revealed 
that all antigen-presenting activity resided in the CD54+ 
population (data not shown). Based on these observations, 
we selected CD54 expression as a marker of dendritic cells 
and product potency. Although CD54 is not a specific 
marker for dendritic cells, because of its association with 
potency in the alloMLR and the cell sorting experiments, we 
have used it as an important characterizing marker of the 
cell product used, and for the purposes of this article, refer 
to CD54(+) cells as dendritic cells. Table 2 lists the 
characteristics of the Provenge preparations. The median 
number of nucleated cells was 2.1 X 10 9 cells. Of these 
cells, 11.2% were CD54(+), resulting in a median number 
of dendritic cells infused of 123 X 10 6 cells. Although there 
was a wide range in the number of dendritic cells infused, 
this was because of patient-to-patient variability. As ex- 
pected, phase I patients received fewer dendritic cells 
because of the planned dose escalation. Analysis of lineage 
markers revealed expression of CD3 (T cells) in 62.3%, 
CD 19 (B cells) in 7.2%, CD 14 (monocytic cells) in 1 1.7%, 
and CD56 (natural killer cells) in 14.4% of the nucleated 
cells in Provenge. Thus, Provenge consists of CD54(+) 
cells that constitute the APC population and other immuno- 
logically active cells, including T cells and B cells. 



Adverse Events 

Overall treatment was well tolerated. Most patients had 
no treatment-related adverse events. Other than minor 
discomfort, there were no adverse events associated with 
leukapheresis. 

Fifteen infusions (14.7%) were associated with febrile 
reactions that developed within 2 hours. Two febrile reac- 
tions were scored as grade 3 using National Cancer Institute 
common toxicity criteria, and 13 were grade 1 or 2. 
Similarly, mild myalgias (grade 1) occurred 1 or 2 days after 
Provenge infusions in two patients, and mild fatigue oc- 
curred in one patient. Five patients experienced mild urinary 
complaints, including obstructive voiding symptoms, incon- 
tinence, urgency, and nocturia. There was no treatment- 
related hematologic, hepatic, or renal toxicity. 

Stimulation of Antigen-Specific Immune Responses 

The patients' T-cell and B-cell (antibody) responses to 
the PAP-GM-CSF construct PA2024 were measured before 
treatment and every 4 weeks thereafter. The 3 1 patients had 
little or no pre-existing T-cell proliferation responses to 
PA2024, whereas 100% developed T-cell proliferation re- 
sponses after infusion of Provenge. Figure 3 presents the 
results of lymphocyte proliferation assays at 0 and 4 weeks 
for one patient, who received both PAP and KLH-Ioaded 



3898 




CD AO FITC CD40FITC 




Antf-HLA-DR FITC Anti-HLA-OR FITC 



Fig 1 . Expression of the costimulotory molecules CD54, CD86, and CD40 
and of HLA-DR was determined at the beginning (left panel) and after 40 
hours of culture (right panel) by flow cytometry. Culture ex vivo was 
associated with upregulation of costimulatory molecule expression. 



dendritic cells. Figure 4 presents all T-cell proliferation data 
for the phase 1 patients through week 12. The T-cell 
proliferation responses to the fusion protein were maximal 
after either two or three infusions" of Provenge. For the 
cohort of 1 2 patients, the response was significantly higher 
at week 4 compared with week 0 (P < .01) and at week 8 
compared with week 4 (P < .05), but not at week 12 
compared with week 8. The dose of Provenge infused did 
not correlate with the magnitude of the T-cell proliferation 
response. Phase 11 patients had immune responses similar to 
the phase I patients (data not shown). 

To exclude the possibility that Provenge stimulates T-cell 
responses nonspecifkally, the patients* T-cell proliferation 
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responses to the recall antigen influenza and to the naive 
antigen KLH were measured before treatment and every 4 
weeks thereafter. The 12 phase I patients' T-cell stimulation 
index to influenza did not change with treatment. The 
median stimulation index was 5.5 at week 0 and 4.7 at week 
8 for the lowest in vitro antigen dose (0.4 /xg/mL) and 9.2 
at week 0 and 9.7 at week 8 for the highest dose (50 
/xg/mL). Five patients received KLH-loaded dendritic cells 
(APC8017). None had pre-existing T-cell proliferation re- 
sponses to KLH and, as expected, all developed responses 
after treatment with APC8017. 

By contrast, nine patients who did not receive APC8017 
were tested for KLH immune responses after treatment with 
PAP-loaded dendritic cells (Provenge), and none developed 
a response to KLH. Thus, Provenge stimulated antigen- 
specific immune responses. 

PA2024 consists of PAP fused to the targeting element 
GM-CSF. T-cell responses to each of these components were 
examined. No patient had pre-existing T-cell responses to PAP 
isolated from human seminal fluid; whereas after treatment 
with Provenge, 10 (38%) of 26 patients developed a T-cell 
response to PAP. Pre-existing T-cell proliferation responses to 
GM-CSF (Leukine; lmmunex, Seattle, WA) were observed in 
15 patients (57%), of whom three had been treated previously 
with GM-CSF on a different immunotherapy protocol. After 
treatment with Provenge, T-cell proliferation responses to 
GM-CSF were observed in an additional four patients for a 
total of 19 (70%) of 27 patients. 

T cells can be separated into two distinct groups based on 
the type of cytokines the cells secrete. Thl cells secrete 
IFN7, whereas Th2 cells secrete IL-4 and IL-10. The 
patients' pretreatment T cells did not secrete either IFNy or 
IL-4 in response to PA2024. However, T cells collected 
after treatment with Provenge secreted IFN7 but not IL-4 in 
response to PA2024, indicating a Thl -type response (data 
not shown). In addition, EL1SPOT assays of cytokine 
secretion by single lymphocytes showed that the frequency 
of cells secreting IFN7 in response to PA2024 increased 
from undetectable (< 1/10 6 cells) to 1/5763 cells and 
1/5181 cells for the two patients who were studied. 

Antibodies to PAP and GM-CSF were evaluated by 
specific ELISA on serum samples obtained at baseline and 
then every 4 weeks. None of the patients had pre-existing 
antibodies to PAP (isolated from human seminal fluid); 
whereas after treatment, 16 (52%) of 31 patients had 
antibodies. The median antibody titer was 1/240 (range, 
1/40 to 1/5120). Similar to the T-cell experience, 10 patients 
(33%) had pre-existing antibodies to GM-CSF, and after 
treatment, 25 (80.6%) of 31 patients had antibodies. 

The baseline immune function of all patients was as- 
sessed by in vitro T-cell proliferation responses to the recall 
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Fig 2. Forty-hour ex vivo culture is accompanied by an increase in (A) allogeneic and (B) autologous T-cell stimulation activity. T cells obtained from 
peripheral-blood mononuclear cells of allogeneic donors and autologous leukapherests product were used as responder cells. Stimulator cells consisted of 
precursor dendritic cells before and after culture with prostate antigen PA2024. 



antigen influenza. There was no difference in baseline 
immune response to influenza between patients who did or 
did not subsequently develop an immune response to PAP. 
Similarly, there was no difference in baseline immune 
responses to influenza between patients who received an 
average dose of more than 100 X 10 6 cells and those who 
received fewer cells. 

Responses to Treatment 

Three patients had a ^ 50% decrease in serum PSA, and 
three more patients had 25% to 49% decreases in PSA. No 
improvements in bone scans or soft tissue disease were 
observed. The median time to disease progression for the 
phase 1 patients was 12 weeks, and the median time to 
progression for the phase II patients was 29 weeks. Seven of 
the 19 phase II patients had not progressed by the end of the 
planned 1-year follow-up period. 

The relationship between development of a T-cell or 
B-cell immune response to PAP (seminal fluid-derived) and 



the time to disease progression was evaluated (Fig 5). The 
median time to disease progression was 34 weeks for 
patients who developed an immune response (n = 20) 
compared with 13 weeks for patients who did not (n = J 1) 
(P < .027). 

The relationship between the time to disease progression 
and the average dose of dendritic cells received by each 
patient was also examined. Inspection of the data revealed 
that all patients who experienced disease progression more 
than 24 weeks after registration received average cell doses 
above 100 X 10 6 cells/infusion. The median time to disease 
progression was 31.7 weeks for patients who received more 
than 100 X 10 6 cells/infusion compared with 12.1 weeks for 
patients who received fewer cells (Fig 6). The difference 
between the two groups was statistically significant (P = .01 3). 

DISCUSSION 

This phase I/Il trial demonstrates that treatment of men 
with HRPC with Provenge induced specific immune re- 
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Table 2. Phenotype and Function of Provenge 





Phase 1 


Phase II 


Total 


No. of products 


36 


66 


102 


No. of nucleated cells, X 1 0 6 








Median 


1 ,308 


2,376 


2,172 


Ronge 


230-2,784 


216-3 108 


216-3 108 


No. of CD54(+) cells, presumed dendritic cells, X 10 6 








Median 


30 


278 


123 


Range 


1.4-488 


18.6-1,276 


1.4-1,276 


Phenotype markers, % of cells positive, mean ± SD 








CD54, dendritic cells 


4,6 ± 5.8 


14.8 ± 12.3 


11.2 ± U.5 


CD3, T cells 


69.3 ± 15.8 


58.5 ± 15.5 


62.3 ± 16.4 


CD19, B cells 


8,1 ± 5.9 


6.7 ± 2.8 


7.2 ± 4.2 


CD1 4, monocytic cells 


5.9 ± 6.3 


14.8 ± 11.1 


11.7 ± 10.5 


CD56, natural killer cells 


14.i ±7.8 


14.6 ±6.7 


14.4 ±7.1 


AlloMLR EC50, x 10* cells,* mean ± SD 


13.1 ± 17.5 


14.4 ± 37.9 


13.8 ±30.3 


*The data are the number of cells (X 1 0 4 ) that stimulate half-maxima 


proliferation of purified allogeneic 


T lymphocytes. The number of T 


cells used as responders 



was 100,000 per well. 



sponses in all patients, with the response being apparent 
after a single treatment. Specificity of this therapy is 
suggested by the fact that treatment with Provenge did not 
increase the patients* response to the recall antigen influ- 
enza. In addition, none of the patients who received Prov- 
enge alone developed immune responses to the control 
antigen KLH. Cytokine production by T cells responding to 
the target antigen was analyzed by EL1SA in some of the 
patients. The profile of cytokines produced indicates that the 
patients' T cells released lFNy but not IL-4. These data 
suggest that the T-cell response was of the Th-1 type, which 
is thought to be important for host immunity to tumors. The 
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Fig 3. Mononuclear cells were isolated from patient no. 2 before infusion 
and 4 weeks after the first infusion of dendritic cells pulsed with prostate 
antigen PA2024 or KLH. Each group of four columns reflects lymphocyte 
proliferation assays undertaken at the following four concentrations of 
antigen: 0.4 ftg/mL (column 1), 2 ng/mL (column 2), 10 fxg/mL (column 3), 
and 50 ng/mL (column 4). Treatment with antigen-pulsed dendritic cells 
induced T-cell responses to PA2024 and KLH. 



baseline immune function of all patients was assessed by in 
vitro T-cell proliferation responses to the recall antigen 
influenza. There was no difference in baseline immune 
response to influenza between patients who did or did not 
subsequently develop an immune response to PAP. Simi- 
larly, there was no difference in baseline immune responses 
to influenza between patients who received an average dose 
of more than 100 X 10 6 cells and those who received fewer 
cells. 24 ELISPOT assays in two patients confirmed the Th-1 
cytokine profile and revealed substantial increases in T-cell 
precursor frequency. 

The GM-CSF element in our prostate antigen is essential 
to in vitro antigen processing, but there are several reasons 
why we believe that GM-CSF does not otherwise contribute 
to Provenge's in vivo effects. First, the cells are washed 
extensively before infusion, and the quantity of residual 
GM-CSF is negligible. Secondly, most investigators use 
dendritic cells prepared in the presence of GM-CSF, and 
there is, to our knowledge, no evidence that the in vivo 
activity of those dendritic cells is caused by an adjuvant 
effect of GM-CSF. Thirdly, our preclinical studies com- 
pared infusions of dendritic cells pulsed with the fusion 
protein with injections of the fusion protein itself. Unlike 
the antigen-pulsed dendritic cells, the PAP-GM-CSF fusion 
protein did not elicit T-cell responses to PAP. Finally, we 
have performed a clinical trial that involved subcutaneous 
injections of the fusion protein and observed that the 
injections did not stimulate T-cell or antibody responses. 25 

Several groups have reported pilot trials of antigen- 
loaded dendritic cells for solid and hematologic malignan- 
cies and for HIV infection. 17 Hsu et al 12 treated four B-cell 
lymphoma patients with immunoglobulin idiotype-pulsed 
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Fig 4. T-cell proliferative responses to PA2024 
(10 ftg/mU for all 12 phase I patients. Patients 
received infusions of Provenge on weeks 0, 4, and 
8. 
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dendritic cells and observed two complete remissions. 
Treatment with idiotype-pulsed dendritic cells has resulted 
in disease regression in 25% of low-tumor burden myeloma 
patients 13 and in disease stabilization of high-tumor burden 
myeloma patients. 14 Peptide-pulsed or tumor-lysate pulsed 
dendritic cells have yielded clinical regressions in patients 
with advanced melanoma. 15 Similarly, fusion of autologous 
renal cell carcinoma cells with allogeneic dendritic cells has 
resulted in complete regression of rumor in some renal cell 
carcinoma patients. 26 Carcinoembryonic antigen peptide- 
pulsed dendritic cells stimulated immune responses but did 
not elicit clinical responses in a mixed group of patients 
with rumors that express carcinoembryonic antigen. 16 Sim- 



ilarly, HIV peptide-pulsed allogeneic dendritic cells elicited 
strong cytolytic T-lymphocyte immune responses but did 
not affect HIV viral load. 17 These trials all demonstrated 
that antigen-loaded dendritic cells are effective for stimu- 
lating antigen-specific T-cell immune responses. In contrast, 
Salgaller et al 18 reported that dendritic cells loaded with 
peptide fragments of prostate membrane-specific antigen 
stimulated antigen-specific immunity in only two of 82 men 
with HRPC. The low frequency of immune responses to 
prostate membrane-specific antigen in that study may result 
from weak immunogenicity of the selected antigen epitopes 
or poor functionality of the dendritic cells. It has been noted 
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Fig 5. Kaplan-Meier plot of times to disease progression for patients who 
developed either a T-cell or B-cell response to PAP (n = 20) and for patients 
who did not develop an immune response to PAP (n = 11). 
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Fig 6. Dose of dendritic cells and time to disease progression. The 
average dose of dendritic cells infused into each phase I and phase II patient 
was calculated and compared with the patient's rime to disease progression 
by the Kaplan-Meier method. 
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previously that dendritic cells pulsed with a whole protein 
may be more effective than dendritic cells pulsed with'HLA 
class I-restricted peptides for eliciting antigen-specific im- 
mune responses in patients with HIV infection. 17 Protein- 
pulsed dendritic cells may be more effective than single 
peptide-pulsed dendritic cells for stimulating immunity 
because of the larger repertoire of antigens present in the 
protein and the resulting ability to elicit both CD4+ helper 
cells and CD8+ effector cells. 

There was evidence of clinical activity with single-agent 
Provenge therapy, as revealed by unambiguous PSA de- 
clines in some patients. The utility of a decrease of more 
than 50% in PSA as a marker of response and clinical 
outcome for men with HRPC remains debated. 27-29 Never- 
theless, a decrease in PSA of more than 50% has been 
accepted as a reasonable screen for anticancer activity. 30 
The fact that men with overtly HRPC who had received no 
other treatment had a sufficient immune response to de- 
crease their PSA levels is provocative. 

The observation that time to disease progression corre- 
lated with development of an immune response to PAP and to 
the dose of Provenge is intriguing, but caution is warranted in 
interpreting these results. The differences in time to disease 
progression as a function of immune response and cell dose 
cannot be unambiguously attributed to treatment. It is possible 
that a lower cell yield or a lower innate immune response to 
antigens presented by dendriticcells is a function of greater 
disease burden or increased aggressiveness of disease, so that 
it would not be surprising that these patients had a shorter time 
to disease progression. However, many of the patients who 
received low dendritic-cell doses were part of the phase I dose 
escalation trial, and the low dose was because of prospectively 
planned dose levels and not because of an intrinsic defect in the 
patients' number of dendritic cells. Similarly there were no 



apparent differences in the baseline immune function among 
the different patient groups as assessed by T-cell proliferation 
responses to the recall antigen influenza. The relationships 
between clinical benefit and the dose of dendritic cells and the 
extent of immune response clearly warrant further investiga- 
tion. 

Finally, Provenge seems to be safe and well tolerated. 
There was no evidence for development of an autoimmune 
disease caused by cross-reactivity between the PAP antigen 
and a normal tissue component. This lack of cross-reactivity 
with normal tissue antigens was predicted from the lack of 
PAP expression by normal tissues other than the prostate 31 
and from review of gene banks for proteins that express 
potentially cross-reactive epitopes. An immune response to 
PAP expressed by normal prostate tissue could result in 
prostatitis. Although five men had urinary symptoms, none 
of these were clearly caused by treatment-induced prostati- 
tis. The absence of prostatitis in men with immune re- 
sponses to PAP is not unexpected as 20 of 31 men had 
undergone prior local therapy and all men had undergone 
hormone ablative therapy as well. 

In conclusion, active immunotherapy with autologous 
dendritic cells that were loaded ex vivo with a fusion 
protein containing PAP is a novel approach to prostate 
cancer immunotherapy. This clinical trial demonstrates 
that this therapeutic approach is feasible, that treatment is 
safe and immunologically active, and that clinical activ- 
ity seems to be present, although proof of clinical benefit 
will require completion of ongoing controlled random- 
ized trials. This trial establishes the groundwork for 
future refinements, including optimization of dosing 
schedule, use in patients with less extensive disease, and 
possibly in combination with other therapeutic agents or 
modalities. 
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Adjuvant Immunization of HLA-A2-Positive Melanoma Patients 
With a Modified gplOO Peptide Induces Peptide-Specific CD8 

T-Cell Responses 

By John W. Smith II, Edwin B. Walker, Bernard A. Fox, Daniel Haley, Ketura P. Wisner, Teri Doran, Brenda Fisher, Lisa Justice, 
William Wood, John Vetto, Holden Maecker, Annemiek Dots, Sybren Meijer, Hong-Ming Hu, Pedro Romero, W. Gregory Alvord, 

and Walter J. Urba 



Purpose : To measure the CD8 + T-cell response to a mel- 
anoma peptide vaccine and to compare an every-2-weeks 
with an every-3-weeks vaccination schedule. 

Patients and Methods : Thirty HLA-A2-positive patients 
with resected stage I to III melanoma were randomly as- 
signed to receive vaccinations every 2 weeks (13 vaccines) or 
every 3 weeks (nine vaccines) for 6 months. The synthetic, 
modified gplOO peptide, g209-2M, and a control peptide, 
HPV16 E7, were mixed in incomplete Freund's adjuvant and 
injected subcutaneously. Peripheral blood mononuclear cells 
obtained before and after vaccination by leukapheresis were 
analyzed using a fluorescence-based HLA/peptide-tetramer 
binding assay and cytokine flow cytometry. 

Results : Vaccination induced an increase in pep tide-spe- 
cific T cells in 28 of 29 patients. The median frequency of 
CD8 + T cells specific for the g209-2M peptide increased 
markedly from 0.02% before to 0.34% after vaccination 

MANY PATIENTS with cutaneous malignant melanoma 
remain at significant risk of distant recurrence and death 
following primary surgical excision. For patients at the highest 
risk of recurrence (eg, > 4 mm primary lesions or node-positive 
disease) interferon alfa-2b adjuvant therapy has been shown to 
improve disease-free survival. 1 For patients with melanomas 1 to 
4 mm thick, this risk is lower but still significant at 1 5% to 40%. 2 
These patients have been enrolled in clinical trials to assess the 
benefit of therapeutic tumor vaccines, which are attractive 
because of their low toxicity and the responsiveness of mela- 
noma to many immunologically based treatments. A recently 
reported Southwest Oncology Group study of one such vaccine 
composed of a lysate of two melanoma cell lines (Melacine; 
Corixa Corp, Seattle, WA) failed to decrease relapse rates in all 
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[P < .0001). Eight patients (28%) exhibited peptide-specific 
CD8 + T-cell frequencies greater than 1%, including two 
patients with frequencies of 4.96% and 8.86%/ respectively. 
Interferon alfa-2b-treated patients also had significant in- 
creases in tetramer-binding cells (P < .0001). No difference 
was observed between the every-2-weeks and the every- 
3 -weeks vaccination schedules (P = .59). 

Conclusion : Flow cytometric analysis of HLA/peptide-tet- 
ramer binding cells was a reliable means of quantifying the 
CD8 + T-cell response to peptide immunization. This assay 
may be suitable for use in future trials to optimize different 
vaccination strategies. Concurrent interferon treatment did 
not inhibit the development of a peptide-specific immune 
response and vaccination every 2 weeks, and every 3 
weeks produced similar results* 

J Clin Oncol 21:1562-1573. © 2003 by American 
Society of Clinical Oncology. 

enrolled patients; however, a subgroup of patients who were 
positive for HLA-A2 and/or HLA-C3 may have benefited from 
the vaccine. 3 Interest in the development of therapeutic vaccines 
for this group of patients remains high. 

Patients in the trial reported herein were vaccinated with the 
synthetic modified gplOO peptide, gp 100:209-21 7(2 10M) (here- 
after referred to as g209-2M), which was created by altering the 
anchoring amino acid (methionine in place of threonine) at 
position 2 of the native gpl 00:209-2 17 peptide (hereafter re- 
ferred to as g209). 4 This modification enhanced the peptide's 
affinity for HLA-A2 molecules and increased its immunogenic- 
ity in vitro 4 and in vivo. 5 Native gpl 00 is a nonmutated protein 
differentiation antigen expressed by cells of the melanocytic 
lineage including melanomas, normal melanocyte, and pig- 
mented retinal cells, but not by other normal tissues. T-cell 
responses to the native gpl 00 antigen have been noted in patients 
with metastatic melanoma who experienced tumor regression 
following adoptive therapy with tumor-infiltrating lymphocytes 
(TIL) and interleukin 2 (IL-2). 6 When the g209-2M peptide was 
administered with incomplete Freund's adjuvant (IF A) to 11 
patients with metastatic melanoma, CD8 + T-cell responses to 
both the native and modified peptides were observed in 10 
patients. 7 Although none of the patients experienced an objective 
response, three patients exhibited mixed responses with regres- 
sion of individual lesions. When vaccination was followed by 
high-dose 1L-2 treatment in another group of 31 patients, the 
response rate was 42% — much higher than the historic response 
rate of IL-2 alone. 7 The use of the g209-2M peptide (combined 
with a tyrosinase peptide) vaccine in the adjuvant setting was 
studied by Lee et al, 8 who administered a total of eight vaccines 



1562 



Journal of Clinical Oncology, Vol 21 , No 8 (April 1 5), 2003: pp 1 562-1 573 

' DOI: 10.1200/JCO.2003.09.020 



ADJUVANT GP100 PEPTIDE VACCINE IN MELANOMA 



1563 



over 26 weeks to 48 completely resected stage III or IV 
melanoma patients. They demonstrated minimal toxicity to the 
repetitive vaccinations and reported delayed-type hypersensitiv- 
ity (DTH) skin test responses as well as antigen-specific T-cell 
responses in nearly all the patients. 

The detection of peptide-specific T cells in the peripheral 
blood has been greatly simplified by the development of the 
fluorescence-based tetramer-binding assay. 9 Tetramers are qua- 
ternary molecular constructs of four biotin-avidin linked sets of 
one synthetic HLA heavy chain and a single beta-2 microglobu- 
lin light chain folded with noncovalently bound peptide antigens 
containing eight to 10 amino acids. 9 * 10 After conjugation of 
fluorescent labels, tetramers can be used to specifically label 
T-cell receptor complexes of defined HLA and peptide specific- 
ity. Flow cytometry has been performed using peptide-antigen- 
specific, HLA class I-restricted, fluorescenated tetramers to 
enumerate circulating antigen-specific memory/effector CD8 + T 
cells in human peripheral blood without prior in vitro stimulation 
and expansion of T cells. 11 * 14 Tetramer staining and flow 
cytometry analysis have been used successfully to quantitate 
memory/effector T cells specific for cytomegalovirus, human 
immunodeficiency virus (HIV), and other viral peptides 15 " 17 and 
for the detection of CD8 + T cells specific for tumor-associated 
peptides in cancer patients. 18 " 20 The assay has a reported 
detection sensitivity of 1 in 10,000 cells or 0.01 %. 21 Because this 
fluorescence-based tetramer-binding assay had the potential to 
be more reproducible and quantitative than DTH skin testing, 
and because Weber 8 had already shown that the g209-2M 
peptide induced a positive skin test in almost all patients, we 
omitted DTH testing from our study. 

This report describes a pilot study in which patients with stage 
I to III melanoma were vaccinated with two HLA-A2- binding 
synthetic peptides (a modified-self gplOO and nonself human 
papilloma virus (HPV) 16E7 peptide). We present the clinical 
results of this study and a detailed description of the immuno- 
logical monitoring performed with HLA-A2/peptide tetramers 
for both immunogens. 

PATIENTS AND METHODS 

Eligibility Criteria 

Patients with cutaneous malignant melanoma S: 1 mm thick were eligible 
for this study if they had no evidence of distant metastatic disease and were 
HL A- A2 -positive. Patients determined to be at high risk for recurrence 
(lesion > 4 mm in thickness or presence of lymph node metastases) were 
offered interferon alfa (IFNcr) along with their vaccinations. Patients had to 
have a Karnofsky performance status of S: 80, good organ function, and no 
requirement for treatment with systemic corticosteroids. 

Pretreatment Testing 

Before enrollment, patients had the following blood tests: complete blood 
count, complete metabolic panel including lactate dehydrogenase, and 
HLA-A2 testing. Testing for HIV and screening for hepatitis B and C were 
performed before leukapheresis. Peripheral blood mononuclear cells were 
collected at 1 mL/min and less than 3% colorgram during a 3 -hour 
leukapheresis performed before vaccine therapy by the Red Cross to obtain 
sufficient peripheral blood mononuclear cells for immunologic assays. 
Imaging studies were done if distant metastatic disease was suspected, but 
they were not required. In addition to the standard history and physical 
examination, a baseline ophthalmologic exam was performed. 



Treatment 

Patients were vaccinated with subcutaneous injections of g209-2M 
peptide and a control peptide HPV16E7:12-20. The g209-2M peptide 
(National Security Code no. 683472) is an HLA-A2-restricted nine-amino 
acid epitope derived from melanoma antigen gplOO and has the amino acid 
sequence IMDQVPFSV. The peptide, which was supplied in vials containing 
1 mL of a sterile 1 mg/mL solution for injection with 0.1 N HCL added to 
adjust the pH, was provided by the Cancer Therapy Evaluation Program 
(CTEP) under a National Cancer Institute (NCI) investigational new drug 
(IND) (BB 6123). HPV16E7:12-20 peptide (NSC no. 673925) is an 
HLA-A2-rcstricted nine-amino acid peptide of the HPV16E7 protein with 
the amino acid sequence MLDLQPETT. It was supplied as a 1 mg/mL 
concentration in vials containing 1 mL of the solution. The peptide was 
dissolved in sterile water for injection (United States Pharmacopeia). It was 
supplied by CTEP under a National Cancer Institute IND (BB 6349). 
Montanide ISA 51 (NSC no. 675756) is an oil-based adjuvant product 
similar to I FA, which, when mixed with a water-based solution, forms a 
water-in-oil emulsion. The product is manufactured by Seppic, Inc (Fairfield, 
NJ), and was provided by CTEP, NCI. 

Each vaccine was prepared from frozen vials of the gp209-2M peptide 
that were thawed at room temperature. Once thawed, 1.2 mL of Montanide 
ISA 5 1 was added to the 1 .2 mL of peptide solution and emulsified by 
vortexing for 1 2 minutes. The HPV 1 6E7 peptide was prepared the same way 
except that it was initially refrigerated at 4°C and did not need to be thawed. 

After the solution was prepared, 1 mL (containing 0.5 mg peptide) was 
withdrawn from the gp209-2M peptide/adjuvant emulsion and 1 mL 
(containing 0.5 mg peptide) was withdrawn from the HPV16E7 peptide/ 
adjuvant emulsion and administered into the subcutaneous tissue of two 
separate sites near each other on one extremity. Another two 1-mL injections 
of the peptide emulsions were administered in the subcutaneous tissue of two 
separate sites near each other on a different extremity. Therefore, each time 
a patient was vaccinated, he or she received a total of 1 mg of each peptide 
and a total of 2 mL of Montanide ISA 51. In patients who were vaccinated 
before their sentinel lymph node (SLN) biopsy, one of the sites for the first 
two immunizations was the site of the primary melanoma. After SLN biopsy, 
vaccinations were rotated among all extremities except the limb that had 
undergone lymph node surgery. The abdomen and the upper buttock region 
were also used as injection sites. Patients were observed in the clinic for a 
minimum of 2 hours after the initial immunization and for 15 minutes after 
each subsequent vaccination. 

Patients were randomly assigned to two different vaccination schedules: 
group A received vaccinations every 2 weeks for 6 months (13 total 
injections), and group B received vaccinations every 3 weeks for 6 months 
(nine total vaccinations). In patients in whom it had not already been 
performed, SLN biopsy was done approximately 10 days after the second 
vaccination in both groups. A wide local excision was done at the same time if 
one had not previously been performed. Patients whose lymph nodes contained 
metastatic melanoma also underwent a completion lymphadenectomy. Patients 
with positive lymph nodes or primary lesions more than 4 mm thick were 
permitted to . receive adjuvant high-dose IFNa at the discretion of the treating 
physician at the standard dose and schedule according to the package insert. 

All patients underwent a leukapheresis similar to the pretreatment leuka- 
pheresis 2 to 4 weeks after the completion of vaccine therapy. Patients were 
seen every 3 months for the remainder of the first year, every 4 months in the 
second year, and every 6 months thereafter. This protocol was reviewed by 
CTEP, NCI, and approved by the Providence Health System institutional 
review board. All patients voluntarily gave their written informed consent 
before they were screened for eligibility. 

Tetramer-Binding Assay 

The tetramer-binding assessment of CD8 + T cells was performed using 
four-color flow cytometry analysis. Cell surface staining was carried out 
using fluorescein isothiocyanate (FITC) anti-CD56, peridinin chlorophyll 
protein (PerCP)- conjugated anti-CD3, allophycocyanin (APC)-conjugated 
anti-CD8, phycoerythrin (PE)-labeled gplOO (209-2M), and HPV 16E7:12 
to 20 peptide or HIV (polymerase [pol]) HLA-A2-restricted tetramer 
reagents. The gp209-2M tetramer reagent and a correlated HIV (pol)- 
negative control tetramer were provided by Dr. Pedro Romero (Ludwig, 
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Institute-Lausanne, Switzerland); the HPV tetramer reagent and its associ- 
ated HIV (pol) control tetramer were purchased from Bee km an -Coulter 
Immunomics (San Diego, CA). Tetramer staining analysis data were col- 
lected on 5 X 10 4 to 1 X 10 5 gated CD8"7CD3 + T lymphocytes and are 
expressed in the data tables and figures as the percentage of total CD8 + T cells 
that are positive for tetramer fluorescence for each patient. Tetramer analysis was 
performed on cryopreserved peripheral-blood mononuclear cells 
(PBMCs) from the Ieukapheresis collections before and after vaccination. 
All tetramer data are expressed as the net specific HPV or gp209-2M 
tetramer staining after the nonspecific HIV (pol)-mediated telramer 
staining is subtracted from each sample. 

Cytokine (JFNy) Flow Cytometry Assay 

Cryopreserved PBMCs from vaccinated patients were stimulated directly 
ex vivo with recall g209-2M peptide antigen or the native g209 peptide to 
determine the number of functionally responsive CD8 + T cells as measured 
by the expression of intracellular IFN7. Briefly, cells were thawed and 
washed twice with cold medium (RPMI 1640 containing 10% heat-inacti- 
vated fetal calf serum). PBMCs were plated at 1 X 10 6 cells in 170 of 
medium per well in a 96-well V-bottom tissue culture plate and allowed to 
rest overnight at 37°C in a humidified C0 2 incubator (5% C0 2 ). g209-2M 
peptide or the native g209 peptide at 2 /ug/well and brefeldin A at 2 jig/well 
(10 jig/mL) were added together in a 30-jxL volume to give a final well 
volume of 200 /iL. Cells were incubated (37°C and 5% C0 2 ) for an 
additional 5 hours. Before collection and analysis, EDTA was added to each 
well (20 fit of 20 mmol/L EDTA) and incubated at room temperature for 10 
minutes to promote recovery of adherent T cells. Cells were centrifuged in 
the 96-well plate for 5 minutes at 400 X g and supernatants were aspirated. 
Cells were than resuspended in 200 ju,L/weIl of Ix BD FACS permeabiliza- 
tion buffer (BD Biosciences, San Jose, CA) and incubated for 10 minutes at 
room temperature. Cells were washed twice (200 /xL fluorescence-activated 
cell sorting [FACS] wash buffer/centrifugation at 500 X g for 5 minutes) and 
resuspended in 200 }iL of FACS wash buffer before monoclonal antibody 
staining. Cells were stained in the dark at room temperature for 30 minutes 
using a cocktail of fluorochrome-conjugated mouse antihuman antibodies for 
IFNy-FITC (25723.11, immunoglobulin G [IgG 2b ]), CD69-PE (L78, IgG^, 
CD8-PerCp-Cy5.5 (SKI, IgG,), and CD3-APC (SK7, IgG,). A separate 
cocktail of isotype-matched controls IgG 2a -FlTC (X39), IgG,-PE (X40), 
IgG r CD8-PerCp-Cy5.5 (SKI), and IgG,-CD3-APC (SK7) were run in 
parallel with every test sample. Stained cells were washed in flow wash 
buffer and fixed in 1% paraformaldehyde for 1 hour at 4°C before acquisition 
on the same day. Cell acquisition and analysis were performed on the 
FACSCalibur instrument using CellQuest Pro software (BD Biosciences). 
Acquisition was performed in list mode by gating on 20,000 CDS """-positive 
T cells within the typical viable lymphocyte region assigned using the 
forward and side scatter plot. 

Statistical Methods 

Pre- and postimmunization T-cell immunity to g209-2M peptide, to 
HPV16E7 peptide, and to a negative control HLA-A2 HIV peptide (pol) 
were assessed using HLA-A2/peptide tetramer-specific binding analysis. 
Within-subject analyses were performed to determine differences between 
pre- and postimmunization responses to the g209-2M and HPV peptides and 
to the negative control HIV peptide after completion of 6 months of 
vaccination. Because of heterogeneity in the frequency of postimmunization 
peptide-specific T cells, we report probabilities obtained from non parametric 
Wilcoxon signed rank tests for within -subject pre- versus postimmunization 
responses. The study was designed with a planned comparison of the 
responses of group A (vaccination every 2 weeks) to the responses of group 
B (vaccination every 3 weeks). Pre- versus postimmunization response 
differences were used as criterion measures in between-group (among 
subjects) analyses. Because of heterogeneity in difference scores, we report 
probabilities from Wilcoxon rank sum tests for between-group differences. 
Several unplanned exploratory comparisons were also made; for example, 
the responses of patients also receiving interferon versus those not receiving 
interferon, and the responses of node-positive patients versus node-negative 
patients, elderly patients versus younger patients, and men versus women. As 
a general strategy to control for possible compounding type I errors in 
hypothesis tests, we report probabilities less than .01 as significant. 
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RESULTS 

Demographics 

Thirty eligible patients were enrolled on this study beginning 
in May 1999 and ending in May 2001. All patients were 
evaluable for toxicity and recurrence. There were 17 men and 13 
women with a median age of 51 years and a median Karnofsky 
performance status of 100. Eighteen of the 30 patients (60%) had 
stage III (node-positive) disease. The patient characteristics are 
summarized in Table 1 and were similar in both groups A and EL 
The main differences were the younger median age and the 
predominance of men in group A. 

Toxicities 

Toxicity related to the vaccinations consisted mainly of 
moderate erythema and induration at the sites of vaccination. 
The induration, which was painful for a few days in some 
patients, persisted for months after the vaccinations but slowly 
diminished over time. The persistent induration at the vaccina- 
tion sites in the upper buttocks and posterior upper arms was 
bothersome enough to three patients that they refused to continue 
the vaccinations. Three patients developed ulceration (two pa- 
tients after their last vaccine) at one or two of the vaccination 
sites that was accompanied by sterile drainage and required 
several weeks to heal in some cases. In patients who received 
IFNrt, the toxicities encountered were those that have been 
described previously. 1 One patient developed a diffuse erythem- 
atous, papular rash that resembled a toxic drug eruption during 
vaccination and IFNa treatment. A biopsy of the skin rash 
showed a perivascular lymphocytic infiltration of the dermis 
without evidence of vasculitis, consistent with a drug eruption. 
Immunofluorescence studies revealed no evidence of deposition 
of IgG, IgA, or IgM antibodies; C3; or fibrinogen. Both 
interferon and vaccination were discontinued and then reintro- 
duced. The patient had a milder skin reaction when the interferon 
was restarted, and because he thought the vaccine injection made 
it worse, the vaccines were discontinued. No flu-like symptoms 
were observed in patients receiving the vaccine alone. No retinal 
abnormalities were observed on ophthalmoscopic examination in 
any patient, and no autoimmune effects were noted. One patient 



Table 1 . Patient Characteristics 




Group A 


Group B 




(every 2 weeks) 


(every 3 weeks) 


No. of patients 


15 


15 


Age, years 






Median 


48 


56 


Range 


23-80 


43-77 


Male/female 


10/5 


7/8 


Median KPS 


100 


' 100 


Lymph node-positive patients 


9 


9 


Lymph node-negative patients 


6 


6 


SLND after vaccine 


7 . 


6 


IFN during vaccines 


7 


7 


Stopped early 


5 


3 


Progressed during treatment 


1 


1 


Progressed after treatment 


3 


2 



Abbreviations: KPS, Karnofsky performance status; SLND, senti- 
nel lymph node dissection; IFN, interferon. 
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who had preexisting patchy vitiligo experienced an increase in 
vitiligo after the vaccinations. One patient developed vitiligo 6 
months after vaccination. In total, eight patients stopped treat- 
ment early because of progression of disease (two patients), 
ulceration at the vaccine site (one patient), allergic rash possibly 
related to the vaccine (one patient), and patient refusal (four 
patients: three patients because of vaccine intolerance and one 
patient because of depression related to concomitant IFN therapy). 

Clinical Outcome 

As of August 1, 2002, the median time on study of the entire 
patient population is 23 months. Seven patients (all originally 
stage III) have suffered recurrence of their disease; four patients 
from group A and three patients from group B. Four patients 
have died from progressive melanoma (two patients in each group). 
Three patients are alive with recurrent disease. One patient r had an 
isolated lung nodule resected, which stained positive for gplOO, and 
later developed liver metastases. He is currently receiving bioche- 
motherapy. Another patient had an isolated liver metastasis treated 
with radiofrequency ablation and later developed brain metastases. 
The third patient recurred in a regional lymph node basin that was 
treated with radiation and surgery. The other 23 patients (77%) 
remain free of recurrent disease. 

Immunologic Responses 

All but one patient underwent pretreatment leukapheresis, and 
23 patients underwent posttreatment leukapheresis. PBMC ob- 
tained from peripheral blood draws or leukaphereses performed 
before vaccination and 2 to 4 weeks after the final vaccine were 
analyzed for the presence of CD8 + T cells capable of binding the 
g209-2M and HPV16E7 peptide HLA-A2/tetramers. The cryo- 
preserved cells of one patient in group A were not viable after 
repeated attempts at thawing; therefore, this patient was ex- 
cluded from the immunologic analysis. Figure 1A depicts the 
tetramer staining of PBMCs from patient EA8, who exhibited the 
best response. Neither the pre- nor postvaccinatiori CD8 + T cells 
from this patient exhibited increased binding to the control HIV 
(pol) tetramers. After nine vaccinations, 8.86% of this patient's 
circulating CD8 + T cells bound g209-2M peptide tetramers. 
EA8 also mounted a significant response to HPV, with 2.06% of 
the CD8 + T cells binding the HPV tetramer. Two sets of HIV 
(pol) controls were included because the tetramers for g209-2M 
and HPV16E7 were obtained from different sources and there- 
fore might be expected to exhibit different levels of background 
staining. Figure IB depicts the results from patient EA10, who 
exhibited a less pronounced response. Again, there was little 
binding to the control HIV (pol) peptide either before or after 
vaccination, but there was a significant expansion of g209-2M- 
and HPV-specific CD8 + T cells after vaccination. Note that even 
though the frequency of g209-2M tetramer-positive CDS* T 
cells was low (0.78%) after vaccination, the tetramer (PE)- 
specific staining was bright and well resolved in this histogram 
depicting events from 50,000 gated CD8 + T cells, and the 
frequency is significantly greater than the frequency of tetramer- 
binding cells present before vaccination. This level of discrimi- 
nation was typical of the responses seen in other patients and 
permitted the detection of responses at levels of 1 tetramer- 
positive cell/1,000 CD8 + T cells. 



Overall, 28 of 29 patients demonstrated an increase in g209- 
2M-specific CD8 + T cells after vaccination. Only patient, EA3, 
failed to respond, and he received only two vaccines before he 
developed metastatic disease. The median pretreatment fre- 
quency of CD8 + T cells reactive to the negative control HIV 
(pol) peptide measured by tetramer analysis of the entire patient 
population was 2 tetramer-positive cells/10,000 cells CD8 + T, or 
0.02% (range, 0% to 0.22%). After 6 months of vaccination, this 
frequency was unchanged at 0.02% (range 0% to 0.12%). The 
median pretreatment frequency of CD8 + T cells to the g209-2M 
peptide was identical to the control peptide, 0.02% (range, 0% to 
0.21%), indicating that before vaccination, most patients had 
failed to produce an endogenous immune response to this 
peptide that was detectable by tetramer staining. However, the 
frequency of peptide-specific CD8 + T cells after vaccination 
increased to a median value of 0.34% (range, 0.03% to 8.86%), 
an increase that was highly significant (P <<.0001). After 
vaccination, eight of 29 patients (28%) exhibited CD8 + 
g209-2M peptide-specific T-cell frequencies greater than 1%, 
including two patients with exceptionally high frequencies of 
4.96% and 8.86%, respectively. A summary of the immune 
responses induced in all patients is presented in Fig 2. A 
description of the responses of the patients who stopped treat- 
ment early is presented in Table 2. To determine whether the 
schedule affected the immune response to gplOO, tetramer- 
binding results from patients vaccinated every 2 (group A) or 
every 3 (group B) weeks for 6 months were compared. Figure 2A 
displays the CD8 + T-cell responses before and after vaccination 
for the 14 patients in group A. Increases were seen in every 
patient after vaccination. This result is highly significant (P < 
.0001). The bottom panel of Fig 2 shows similar responses for 15 
patients in group B. In this group, 14 of 15 patients showed 
significant increases in circulating peptide-specific cells (P < 
.0001). No significant difference was observed in the postvacci- 
nation increases in g209-2M tetramer positive CD8 + T cell 
responses between patients in groups A or B (P - .59). Our 
results indicate that vaccination schedules every 2 or every 3 
weeks were equally effective. 

More than half the patients on study had node-positive 
disease, and most of these patients received concurrent IFNa 
therapy. To determine whether IFNa had an effect on the 
gplOO-specific response, we compared responses in patients who 
received IFNa with those who did not. Figure 3 A shows CD8 + 
T-cell responses before and after vaccination for 16 patients who 
did not receive IFNa concurrently with their vaccinations. 
Postvaccinal on increases were highly significant (P < .0001). 
Figure 3B shows tetramer-binding responses for 13 patients who 
received IFNa concurrently with their vaccinations. Postvacci- 
nal on increases in this group were highly significant as well 
(P < .0001). We performed a hypothesis test to determine 
whether differences in posttreatment vaccination were different 
between the group of patients that received interferon and the 
group that did not. Because patients were not randomly assigned 
to these groups, a significant difference would be suspect 
because of possible confounding sources. However, no signifi- 
cant difference was observed (P = .20). Hence, peptide vacci- 
nation in this study was equally effective among patients who 
received IFNa and those who did not. These data indicate that 
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Fig 1 . Tetramer-binding of pre- and postvaccination unstimulated peripheral-blood mononuclear cells from patients (A) EA8 and (B) EA10. The ordinate depicts CD8 
and the abscissa depicts binding of the indicated peptide tetramers. Human immunodeficiency virus control appears twice because g209-2M and human papilloma virus 
tetramers were obtained from two different sources (see Methods). 



concurrent IFNa treatment does not inhibit the development of a 
peptide-specific immune response. 

We performed additional a posteriori tests to determine 
whether differences in postvaccination CD8 + T increases might 
be observed between nonexperimental groupings formed after 
the fact. Because there was no difference between vaccination 
schedule groups, we collapsed males and females, respectively, 
across groups A and B and tested for a possible difference 
caused by sex. No significant difference was observed between 
male and female postvaccination increases in the CD8 + T cell 
response (P = .63). We divided patients into two age groups: 
younger than 60 years (n = 22) and older than 60 years (n = 1 7). 
The median response for the groups younger than 60 years, 
0.64%, was significantly higher than the median response for the 
group older than 60 years, 0.08% (P = .0055). Although the 
number of patients older than 60 years is small, the results 
indicate an increase in response for younger patients. We also 
compared node-positive patients with node-negative patients for 



postvaccination increases and found no significant difference 
between these groups {P = . 1 8). 

In addition to the modified self-gplOO peptide, all patients 
were vaccinated with an A2-binding foreign peptide from HPV. 
Figure 4 presents a comparison of the tetramer staining for the 
foreign HPV16E7 peptide along with the g209-2M peptide 
postvaccination for 22 patients from groups A and B who were 
tested for responses to both peptides. All 22 patients responded 
to the g209-2M peptide and 20 of 22 patients made an immune 
response to the HPV peptide vaccine after immunization (P < 
.0001). Patients EA19 and EA30 responded to the gplOO epitope 
but not to HPV. The single patient who failed to respond to 
g209-2M was not tested for HPV response because of insuffi- 
cient cells. Overall, there was no difference between the median 
responses to the g209-2M peptide and HPV peptides (P = .92). 
However, the response to the g209-2M peptide and the HPV 
peptide within an individual was not always the same; nine 
patients made a stronger immune response to the g209-2M 
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Fig 2. The net percentage of CD8 + T cells positive for the g209-2M peptide-tetramer before and after vaccination for patients from (A) group A (2-week schedule) 
and (B) group B (3 -week schedule). The net percentage is the percentage of g209-2M pepHde-tetramers minus the percentage of human immunodeficiency virus 
(polymerase) peptide-tetramers. 



peptide than to the HPV peptide, three patients made essentially 
the same response, and 10 patients made a stronger response to 
the HPV peptide. If one focuses on the group of 1 1 patients that 
had a g209-2M peptide tetramer response of less than 0.5%, five 
patients had a greater response to HPV, four patients had an 
equal response, and two patients had a greater response to 
g209-2M peptide. 



The tetramer assay demonstrated that vaccination with the 
g209-2M peptide led to significant expansion of pepti de-specific 
T cells in almost all patients. However, when performed alone, 
tetramer binding may not assess the true functional status of the 
peptide-specific cells. 22 Therefore, the functional state of the 
gplOO-specific T cells was determined by direct ex vivo cytokine 
flow cytometry after gplOO (g209-2M) stimulation to detect 
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Table 2. Patients Whose Vaccinations Were Stopped Early 



Partem 


Reason 


Group 


No. of 
Vaccines 


IFN 


% gpl 00 Tetramer 
Before Vaccination 


% gpl 00 Tetramer 
After Vaccination 


EA6 


Progression 


A 


5 




NA* 


MA* 


EA3 


Progression 


B 


2 


+ 


0.01 


0.01 


EA16 


Ulceration 


A 


12 


+ 


0.07 


1.15 


EA24 


Rash 


A 


6 


+ 


0 


1.86 


EA4 


Refusal 


A 


4 




0.04 


0.20 


EA5 


Refusal 


B 


6 




0 


0.63 


EA14 


Refusal 


A 


10 


+ 


0 


4.96 


EA26 


Refusal 


B 


6 


+ 


0 


0.13 


Abbreviation: IFN, interferon. 
. *Not available; cryopreserved cells were not viable after thawing. 



intracellular production of IFN -v. Previously, it has not always 
been possible to successfully perform direct ex vivo cytoplasmic 
recall antigen-stimulated cytokine flow cytometry analysis on 
freshly thawed cells. Commonly, a period of cognate antigen- 
stimulated in vitro culture is required before functional analysis. 
Because the number and function of pepti de-specific T cells can 
be altered by antigen -stimulated in vitro culture, this method 
may detect immune responses that are not an accurate reflection 
of the circulating in vivo effector/memory T-cell response. 
PBMCs from four patients were thawed, allowed to rest over- 
night, and exposed to the g209-2M peptide and brefeldin A for 
5 hours before they were stained to detect intracellular IFN y (Fig 
5). Circulating peptide-specific CD8 + T cells from all four 
patients made IFNy in response to in vitro stimulation with the 
modified g209-2M peptide. In three of four patients there was 
good correlation between the percentage of g209-2M tetramer- 
pepti de-positive cells and the percentage of IFN7-positive cells, 
indicating that most of the cells induced by vaccination were 
functional and responded to antigen by making I FN -v. In one 
patient (EA8), only about 50% of the gplOO-specific T cells 
produced lFNy. These potential differences will be explored 
further in other patients. 

To ensure that the immune response generated to the synthet- 
ically altered peptide included T cells that recognized the native 
peptide, PBMCs from nine patients were stimulated with the 
native g209 peptide as well as the g209-2M peptide in the direct 
ex vivo cytokine flow cytometry assay. All patients had detect- 
able numbers of circulating T cells that produced IFNy in 
response to the native and the modified g209 peptide; however, 
the number of T cells that responded to the native peptide was 
lower than the number that responded to the g209-2M peptide 
(Fig 6). The response ranged from 52% to 87% of the response 
to the modified peptide (average 72%). 

DISCUSSION 

This is one of the first clinical trials in which repetitive peptide 
vaccination was performed in the adjuvant setting in patients 
with malignant melanoma. We have shown that nearly all (28 of 
29) patients exhibited a significant increase in circulating pep- 
tide-specific CD8 + T cells. The immune responses after vacci- 
nation appeared to be equivalent whether vaccines were admin- 
istered every 2 or every 3 weeks; however, the small number of 
patients in each study arm would exclude only large differences 
between the two arms. Concomitant IFNa therapy did not hinder 



the development of a peptide-specific T-cell response. A post 
hoc exploratory analysis of age and sex, both of which have been 
reported to affect immune responses and survival of patients 
with early stage melanoma, 23 revealed that age did affect the 
immune response to the gpl 00 peptide. Patients older than 60 
years had a significantly lower peptide-specific response than did 
younger patients (P = .0055). Although it was performed post 
hoc, this analysis indicates that it would be important to stratify 
for age in future vaccine trials. 

One concern about immunization with a synthetically modi- 
fied peptide was that the g209-2M peptide-specific T cells might 
not respond to the native g209 peptide. The nine patients we 
tested for intracellular IFNy production by cytokine flow cytom- 
etry (CFC) responded to both the native and modified peptide, 
albeit to a lesser degree with the native peptide. This result 
parallels the findings of Marincola, 24 who demonstrated by 
tetramer binding analysis the postimmunization induction of T 
cells specific for the native g209 peptide as well as the modified 
g209-2M peptide. We did not have a native g209 peptide 
tetramer reagent available to run in parallel with the g209-2M 
peptide tetramer, so we were unable to determine the differences 
in g209 and g209-2M tetramer binding cells. In addition, we 
have been able to show that the tetramer-binding CD8 + T cells 
induced by peptide vaccination produced IFNy in response to 
stimulation with A2-positive/gpl00-positive melanoma cell 
lines, demonstrating that T cells produced in response to vacci- 
nation with the modified peptide recognized naturally processed 
antigen on the surface of tumor cells. 25 

In previous studies, when the g209-2M peptide in IF A was 
used to immunize patients with metastatic melanoma, the ma- 
jority responded to both the native and the modified g209-2M 
peptide. 7 However, immune responses were not observed in 
freshly isolated uncultured lymphocytes; they were detected only 
after restimulation with the immunizing peptide in vitro for at 
least 4 days. The in vitro stimulation and expansion of T cells 
with antigenic peptides and cytokines can alter the frequency and 
functional characteristics of these cells. Therefore, immune 
function and phenotype assays using in vitro stimulation- 
expanded T cells may not always reflect the fidelity of the in vivo 
antitumor immune response. Direct ex vivo measurement with 
peptide-HLA tetramer complexes provides a more accurate 
representation of the true frequency of circulating peptide- 
specific T cells in vivo. 
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Fig 3. The net percentage of CD8* T cells positive for the g209-2M peptide-tetramer before and after vaccination for patients (A) who did not and (B) who did receive 
concurrent adjuvant interferon alfa. The net percentage is the percentage of g209-2M peptide-tetramers minus the percentage of human immunodeficiency virus 
(polymerase) peptide-tetramers. 



Using HLA/g209-2M peptide tetramer analysis, Marincola 
reported that all seven metastatic melanoma patients immunized 
with g209-2M peptide in IF A alone demonstrated significant 
increases in peptide-specific T-cell precursor frequencies after 



vaccination. The responses ranged from 0.2% to 2.4%, with two 
of the seven patients showing a response greater than 1%. After 
vaccination, all seven patients also exhibited an increased 
frequency of circulating CD8 + T cells that recognized the native 
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8.86 




Fig 4. The net percentage of CD8 + T cells positive for the g209-2M peptide-tetramer and the HPV peptide-tetramer before and after vaccination for selected patients from 
(A) group A and (B) group B. The net percentage is the percentage of g20°-2M or HPV peptide-tetramers minus the percentage of human immunodeficiency virus tetramers. 



g209 peptide, but at a lower frequency v than for the modified 
peptide. In this study, similar increases, which ranged from 
0.05% to 8.86%, were observed after vaccination; in eight of 29 
patients (28%), more than 1% of the CD8 + T cells recognized 
the g209-2M peptide, including in two patients with the excep- 



tionally high frequencies of 4.96% and 8.86%, respectively. Lee 
et al 8 reported g209-2M peptide-specific CD8 + T-cell frequen- 
cies that ranged between 0% and 2.5% (mean, 0.03%) in 37 
resected stage 111 or IV melanoma patients who received eight 
g209-2M peptide vaccines in IFA during 6 months. The higher 
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Fig 5. The top panel shows the 
g209-2M peptide-tetramer and 
CD8 + staining from four patients for 
postvaccinatton peripheral-blood 
mononuclear cells that were also 
thawed and stimulated in vitro for 5 
hours with the g209-2M peptide 
and stained to detect the presence of 
CD8 + and intracellular interferon 
gamma (bottom panel). 



CD8 



frequency of peptide-specific T cells observed in our study com- 
pared with the study by Lee et al 8 might be caused by the difference 
in patient population (there were no stage IV patients in our study) 
or by differences in the technique used in the tetramer assay used to 
detect the g209-2M peptide-specific CD8 + T -cells. 

Although there was good correlation between the levels of 
CFC (IFNy) response and tetramer staining for most of the 
patients studied (Fig 5), not all tetramer-binding cells in every 
patient will be functional. This is illustrated by the response of 



patient EA8, in whom less than 50% of the tetramer-binding 
cells produced IFNy (Fig 5). They may produce other cytokines 
or could conceivably have become anergic, as reported by Lee et 
al 20 for circulating tetramer-binding CD8 cells in patients with 
metastatic melanoma. Because HLA-restricted peptide-specific tet- 
ramer staining permits the quantitative comparison of different 
vaccination strategies in different patient groups monitored by 
different laboratories, it could serve as at least one of the measure- 
ments by which an optimal vaccination strategy may be chosen. 
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Vaccination with the nonself HPV16E7 peptide was per- 
formed as a control to observe the immune response in T cells 
that would not have been subject to negative selection in the 
thymus. The fact that 20 of 22 patients (91%) studied responded 
to this peptide indicates that it could serve as a positive control 
in trials of other new peptide vaccines. 

Previous clinical trials of vaccination with the g209-2M 
peptide showed that concomitant administration of IL-2, IL-12, 
or granulocyte-macrophage colony-stimulating factor actually 
decreased the circulating pep tide-specific T-cell precursor fre- 
quency. 26 We were interested in whether the patients in our 
study who received IFNa in addition to their vaccines would 
demonstrate a similar effect. Overall, no significant difference 
was seen in the two groups, indicating that IFNa did not 
diminish the effectiveness of the g209-2M peptide in 1FA 
vaccine, a finding that complements the observations of Kirk- 
wood et al, 27 who showed that high-dose IFNa did not diminish 
the antibody response to the GM2 ganglioside. In fact, we 
observed a trend toward enhancement of the vaccine by IFNa, 
indicated by the observation that seven of 13 IFNa-treated 
patients had more than 0.5% tetramer-positive cells versus five 
of 16 patients who did not receive IFNa. It should be noted that 
patients were not randomly assigned to receive IFNa and that 
this population could have been skewed because it generally 
excluded older, less medically fit patients who might also have 
had less response to immunization. However, we believe that the 
data support inclusion of IFNa treatment in clinical trials of 
other immune strategies in patients with stage III melanoma. 



The lack of tumor regression in patients with metastatic 
melanoma immunized with the g209-2M peptide alone may 
not have been a result of peripheral tolerance, but it could 
have been because the overall quantitative immune response 
was too low. The circulating T-cell response in viral infec- 
tions or autoimmune disease models measured by epitope/ 
HLA tetramers is much higher. In HIV patients, an inverse 
correlation has been reported between HIV-specific cytotoxic 
T lymphocyte frequency and the viral RNA load, and in recent 
studies, 15,16 patients whose frequency is approximately 2% 
remain asymptomatic. Furthermore, animal models indicate 
that the ability to clear tumor correlates with the intensity of 
the vaccine-elicited response. 28 The target for an immuniza- 
tion strategy in cancer patients is presently unknown, but it 
seems reasonable to attempt to achieve numbers of circulating 
tumor-specific memory/effector T cells in the range seen with 
infections. Despite the fact that our patient population had a 
low tumor burden and received nine to 13 vaccinations over 
6 months, peptide-specific T-cell frequencies more than 1% 
and more than 2% were achieved in only 28% and 10% of 
patients, respectively. This indicates that better immunization 
strategies are necessary. Our study indicates that enumeration 
of vaccine-elicited T cells by HLA/peptide tetramers is an 
excellent way to evaluate improvements in vaccine develop- 
ment and immunization strategies. However, for optimal 
results, a functional assay such as the enzyme-linked immu- 
nospot assay or CFC should also be used. 22 
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